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ON  THE  HISTOLOGY  OF  THE  VITREOUS  HUMOUR 
By  Akthtjk  C.  Younan,  M.B.,  CM.,  Vans  Durdop  Scholar, 
University  of  EdvnJnirgh     (Plates  I.  and  IT.) 

Few  subjects  in  histology  have  been  the  occasion  of  so  much 
difference  of  opinion  as  the  structure  of  the  vitreous  humour  of 
the  eye.  The  tissue  is  so  transparent,  its  structural  element  so 
delicate  and  difficult  to  observe  under  the  microscope,  that  so 
much  variance  in  opinion  is  scarcely  surprising.  The  great 
diversity  of  views  entertained  by  different  authors  is  also,  in 
part,  explicable  on  the  ground  that  they  resorted  to  artificial 
hardening,  which  in  great  part  alters  both  the  macroscopic  and 
microscopic  appearances  of  the  vitreous. 

It  is  admitted  by  all  that  the  vitreous  consists  of  a  solid  and 
a  fluid  part  The  nature  of  both  has  been  disputed,  but 
especially  that  of  the  solid  part,  and  also  its  arrangement. 
Pappenheim  (1842,  quoted  in  Op,  1,  p.  348)  found  that,  on 
hardening  the  vitreous  with  carbonate  of  potash,  the  stroma 
appeared  to  be  composed  of  laminae  running  parallel  with  the 
surface,  each  lamina  consisting  of  fine  fibres  and  a  homogeneous 
matrix.  Briicke  (1843,  Op,  2,  p.  346)  removed  the  sclerotic, 
choroid,  and  retina  from  the  eye  of  a  sheep  as  far  forward  as  the 
ora  serrata,  and  placed  the  exposed  vitreous  in  a  concentrated 
solution  of  diacetate  of  lead.  After  some  hours  he  made  sections 
of  the  vitreous  thus  hardened,  and  observed  concentric  white 
lines  parallel  with  the  general  surface,  and  presenting  on  section 
the  appearance  of  finely  striped  agate.  He  found  that  the 
vitreous  so  prepared  tore  easily  in  the  direction  of  the  layers, 
which  appeared  to  him  to  consist  of  milky  transparent  mem- 
branes with  intervening  clear  spaces  filled  by  an  apparently 
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gelatinous  mass.  Iq  a  later  communication  (1845,  Op,  2, 
p.  130),  he  gave  the  results  of  an  examination  of  the  frozen  but 
otherwise  normal  vitreous,  which  confirmed  him  in  his  opinion 
that  the  vitreous  mainly  consists  of  a  series  of  concentric  mem- 
branes. Hannover  (1845,  Op.  2)  hardened  the  vitreous  by 
immersion  in  a  solution  of  chromic  acid  for  some  months,  and 
found,  in  the  case  of  tlie  dog,  cat,  ox,  and  sheep,  that  when  the 
eye  is  divided  by  a  median  transverse  incision,  the  vitreous 
shows  a  concentric  lamination  similar  to  that  of  an  onion.  But 
in  the  case  of  the  human  vitreous  hardened  in  the  above  manner, 
he  found  a  series  of  segments  or  rays,  somewhat  like  those  of  an 
orange,  radiating  from  near  the  axis  of  the  eye,  where  the  hyaloid 
canal  exists  in  the  foetus.  Hannover's  observations  were 
repeated  by  Bowman  (1849,  Op.  3,  p.  97).  He  placed  human 
eyes  in  a  straw-coloured  solution  of  chromic  acid,  and  found, 
on  slicing  the  hardened  eyes  longitudinally  and  transversely,  a 
series  of  concentric  lines  in  the  outer  third  of  the  vitreous. 
"The  lines  were  parallel  to  the  retina  and  could  in  some 
instances  be  traced  quite  round  the  section,  but  in  no  case  did 
these  circular  lines  extend  more  than  about  a  third  of  the 
distance  from  the  retina  to  the  centre  of  the  vitreous,  and  when 
they  ceased,  they  were  replaced  by  others  of  a  straight  or 
slightly  waved  character,  which  had  more  or  less  of  a  convergent 
direction  towards  the  centre.  In  the  centre,  in  all  the  speci- 
mens, was  an  irregular  cavity  of  variable  size,  apparently  formed 
by  breaking  up  of  the  tissue  "  {Op,  eit.  p.  98).  A  slight  touch 
with  a  pin  was  sufficient  to  tear  the  vitreous  in  the  direction  of 
these  lines  and  to  convert  the  laminae  into  separate  sheets.* 
"  Several  of  the  outer  layers  run  towards  the  ciliary  body,  and 
there  seemed  to  approach  the  very  surface  of  the  vitreous  near 
the  ora  serrata,  probably  uniting  with  the  hyaloid  membrane  in 
contact  with  the  zonule  of  Zinn  as  described  by  Briicke.  Those 
layers  next  within  bend  inwards  towards  the  margin  and  back 
of  the  lens,  of  course  behind  the  canal  of  Petit,  and  appear 
rather  to  cease  in  succession  at  the  surface  of  the  lens  than  to  be 
continued  concentrically  behind  it,  though  on  this  point  the  pre- 
parations do  not  speak  positively."  He  further  says — '*  When 
viewed  with  a  high  power  there  is  no  special  texture ;  nothing 
but  a  finely  granular  mass  appears,  which  is  merely  rather 
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darker  and  more   obscure   where  the  naked  eye  detects  the 
opaque  lines.     No  definite  streak  bounds  the  light  and  clear 
spaces ;  there  is  no  evidence  of  a  true  membrane  discoverable 
by  the  microscope  within  the  hyaloid  membrane ;  as  far  as  we 
can  see,  the  light  and  dark  layers  have  the  same  amorphous 
stractnie  *'  (p.  99).     He  also  repeated  Bnicke's  observations  on 
the  efTects  of  diacetate  of  lead,  bat  although  he  confirmed  his 
description  of  the  directions  of  the  white  lines  that  appear  in 
the  vitreous  after  the  action  of  lead,  he  could  find  no  evidence 
of  any  membranes  :  the  white  lines  appeared  merely  to  be  due 
to  a  precipitate.     In  the  vitreous  humour  of  the  bird,  after  the 
action  of  chromic  acid  solution,  he  found  no  coDceutric  lamellae, 
but  "  a  very  evident  arrangement  of  opaque  fibres,  extending 
chiefly  from  the  summit  of  the  pecten  through  the  vitreous 
towards  the  ora  serrata,  while  others  stretched  from  the  ciliary 
body  to  the  side  of  the  lens"  (p.   106),     On  hardening  the 
vitreous  humour  of  fishes'  eyes  iu  chromic  acid,  he  found  a 
distinct  lamination  in  the  vitreous,  the  laming  passed  from  the 
region  of  the  ora  serrata  to  the  side  and  back  of  the  lens.    Some 
of  the  anterior  layers  were  derived  at  successive  distances  from 
the  suspensory  ligament  of  the  lens.    Although  Bowman  failed 
to  find  sufiBcient  evidence  of  the  existence  of  any  but  the  hyaloid 
membrane  in  the  vitreous,  the  result  of  the  action  of  chromic 
acid  nevertheless  led  him  to  say — ''  there  remains  good  reason  for 
supposing  that  there  do  exist  certain  layers  in  the  vitreous 
capable  of  being  rendered  visible  by   art,"  and  that  "in  the 
human  eye  the  uniformity  of    the  layers  disclosed  in    the 
neighbourhood  of  the  lens  could  hardly  have  been  produced 
by  simple  immersion  in  chromic  acid,  independently  of  a  pre- 
existing structure." 

Kolliker  (1860,  Op.  4,  p.  571)  states  that  nothing  can  be  seen 
of  membranes  in  the  fresh  vitreous.  Schwalbe  (1883,  Op.  5,  p. 
137,  and  1884,  Op.  6,  p.  524),  writing  so  recently  as  this  year 
expresses  the  same  opinion.  Iwanoff  (Op,  1,  p.  349,)  also  denies 
their  existence.  On  the  other  hand,  Hans  Virchow  ( 1882, 
Op.  7)  finds  that  the  fresh  vitreous  mainly  consists  of  extremely 
delicate  membranes  with  an  intervening  albuminous  fluid  ;  there 
are  also  cells  in  small  numbers.  He  has  figured  the  cells  of  the 
vitreous  as  several  observers  have  done,  but  has  given  no  draw- 
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ing  of  the  membranes,  his  description  of  which  is  likewise  very 
inadequate.  E.  Virchow,  Kolliker,  and  others  have  regarded  the 
vitreous  as  consisting  of  mucous  connective  tissue,  viz.,  branch- 
ing connective  tissue  corpuscles  forming  a  network  with  an 
intervening  fluid  containing  mucin.  Ciaccio  (Op.  8,  vol  vii.  p. 
376)  is  of  opinion  that  delicate  fibres  and  cells  are  its  only  solid 
constituents.  Iwanoff  (Op.  1,  p.  345)  and  Schwalbe  {Op.  5,  p. 
139,  and  Op,  6,  p.  524)  express  a  similar  opinion.  Iwanoff  states 
that  the  cells  of  the  vitreous  are  all  amoeboid,  and  are  found 
only  in  its  outer  part.  The  fibres  are  wavy  fasciculi  bearing 
some  resemblance  to  the  fibres  of  connective  tissue,  and  are  found 
only  in  the  peripheral  part  of  the  vitreous.  Most  are  found 
anteriorly ;  in  the  posterior  part  there  are  only  a  few  scattered 
fine  fibrils;  there  are  also  a  considerable  number  of  fibres  like 
elastic  fibres  commencing  at  the  equator  of  the  eye  in  the  form 
of  extremely  fine  looped  fibres,  first  seen  in  large  numbers  at  the 
ora  serrata,  where  they  form  the  commencement  of  the  zonule  of 
Zinn. 

My  observations  on  the  vitreous,  made  on  the  eyes  of  the  ox, 
sheep,  rabbit,  cat,  rat,  and  cod,  have  led  me  to  the  belief  that  the 
fully  developed  vitreous  is  certainly  an  organised  structure, 
altogether  differing  from  mucous  connective  tissue.  Its  solid 
part  consists  of  thin  membranes,  cells,  and  fibres,  and  I  propose 
to  give  an  account  of  the  appearance  and  arrangement  of  these. 
I  have  not  investigated  the  chemical  nature  of  the  fluid  between 
the  membranes,  but  this  has  been  done  by  Lohmeyer,  quoted 
by  Schwalbe  {Op.  5,  p.  137  and  Op.  6,  p.  523)  and  Hans 
Yirchow  {Op.  7,  p.  10),  who  finds  that  in  ruminants  and 
carnivora  the  fluid  contains  salts,  extractives,  and  albumin,  but 
no  mucin.  Schwalbe,  however,  finds  a  trace  of  mucin  in  the 
sheep,  and  also  gives  the  composition  of  the  fluid  in  the  human 
vitreous  and  in  that  of  the  fish  as  differing  from  the  fluid  in 
the  vitreous  of  the  ox  and  dog,  in  containing  mucin  {Op.  6, 
p.  523). 

Cells  of  the  Vitreous  Humour. — In  the  vitreous  of  the  adult, 
the  cells  are,  as  stated  by  most  authors,  found  mostly  near  the 
surface.  They  present  two  different  types.  (1)  Amoeboid  cells 
of  various  shapes  and  sizes  :  oval,  circular,  flask-shaped,  or  quite 
irregular,  the  protoplasm  being  protruded  as  buds ;  these  have 
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large  nuclei,  and  a  varying  amount  of  coarsely  granular  proto- 
plasm. Some  cells  contain  two  or  three  nuclei,  but  those  in- 
ternal to  the  limiting  hyaloid  membrane  have  generally  a  single 
nucleus.  Tn  some  cases  no  protoplasm  is  visible,  the  nuclei 
being  large  and  distinct.  Lieberkiihn  and  Schwalbe  suppose 
these  cells  to  be  leucocytes  derived  from  the  retinal  vessels  in 
the  region  of  the  papilla  optici,  and  also  from  the  vessels  of  the 
ciliary  body,  and  so  account  for  their  being  found  in  greater 
numbers  in  the  anterior  and  posterior  regions  of  the  vitreous. 
Pagenstecher  {Op,  6,  p.  555),  observed  them  in  the  vitreous  of 
the  young  rabbit  on  a  hot  stage  under  the  microscope,  and 
followed  the  different  changes  in  form  that  they  undergo.  These 
cells  are  seen  to  lie  on  the  inner  surface,  of  the  limiting 
hyaloid  membrane,  as  also  on  the  inner  surface  of  the  other 
membranes  in  the  cortex  of  the  vitreous.  Some  of  them 
may  appear  under  the  microscope  to  be  folded  round  creases 
of  the  membranes,  and  they  have  then  an  appearance  so  like 
clasping  cells,  as  to  have  led  to  the  folds  being  mistaken, 
by  some,  for  fibres  developed  from  the  cells.  The  character  of 
the  amoeboid  cells  is  well  seen  in  Plate  T.  fig.  1.  (2)  Besides 
the  above,  there  are  large  and  small  branching  cells  with  distinct 
nuclei ;  these  also  vary  greatly  in  shape,  and  may  be  uni-,  bi-,  or 
multipolar.  The  processes  are  clear,  and  may  be  straight,  curved, 
or  twisted  in  various  directions,  and  with  straight  or  irregular 
outlines,  the  irregularity  being  due  to  a  beading  or  varicosity 
along  the  course  of  the  processes,  which  sometimes  end  in  a 
distinctly  beaded  manner*  I  have  seen  some  of  these  branching 
cells  arranged  so  as  to  come  in  relation  to  a  network,  both  iu 
the  adult  and  young  animal  This  network  has  been  chiefly 
observed  in  the  equator  of  the  eye,  in  which  region  some  of  the 
fibres  which  run  towards  the  zonule  appear  to  lose  themselves 
in  the  network.  I  have  also  seen  bright  elastic-looking  fibres 
arising  apparently  as  processes  of  cells  in  the  region  of  the 
zonule,  and  adding  themselves  to  the  fibres  of  that  ligamentous 
membrana  The  character  of  the  branching  cells  is  shown  in 
Plate  I.  figs.  2  and  3.  Fig.  4  shows  what  at  first  appeared  to  be  a 
network  of  branching  cells  in  the  region  of  the  zonule,  the  fibres 
of  the  network  corresponding  in  some  of  their  microscopic 
characters  with  the  elastic-looking  fibres  of  the  zonule,  some  of 
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which  fiUres  can  be  traced  to  the  network ;  the  nat  ire  of  this 
network  will  be  considered  later. 

Vacuolated  cells  have  been  described  by  Iwanoff  {Op,  1,  p. 
352)  as  a  distinct  type.  It  seems,  however,  UDnecessary  to 
classify  them  separately,  inasmuch  as  they  are  merely  deriva- 
tives of  the  first  two  types.  Schwalbe  (Op.  6,  p.  536)  attri- 
butes the  formation  of  the  vacuoles  to  inhibition,  in  conse- 
quence of  their  being  found  in  adult  life,  when  the  vitreous 
is  rich  in  water,  and  not  generally  in  the  embryo,  where  the 
vitreous  is  more  cousisteut.  Each  cell  may  present  one  or  more 
vacuoles,  which  at  times  attain  a  large  size,  quite  displacing  the 
nucleus,  or  they  may  be  found  in  the  processes  of  the  branched 
cells  where  they  give  rise  to  dilatations.  Schwalbe  {Op,  dt.)  is 
of  opinion  that  all  the  cells  above  described  have  a  common 
origin,  viz.,  are  derived  from  white  blood  corpuscles  which  have 
undergone  changes  in  configuration,  in  some  cases  to  a  marvellous 
extent  In  support  of  this  view  he  describes  an  experiment  in 
which  he  placed,  at  di£ferent  periods,  the  human  vitreous  and 
also  that  of  the  sheep  and  pig  in  the  dorsal  lymphatic  sac  of  the 
frog,  at  the  same  time  injecting  a  fluid  containing  fine  coloured 
granules  in  suspension  into  the  lymph  spaces  of  the  frog.  The 
pigment  granules  were  taken  up  by  the  lymph  cells,  and  so 
carried  eventually  into  the  vitreous  enclosed  in  the  lymph  sac. 
On  examining  portions  of  the  vitreous  removed  after  eighteen 
hours  from  the  sac,  he  found  that  the  lymph  corpuscles  which 
had  emigrated  into  the  vitreous  had  assumed  various  shapes, 
which  corresponded  in  a  marked  manner  to  the  difierent  forms 
presented  by  the  cells  of  the  vitreous  body.  I  am  not  at  all 
prepared  to  admit  that  all  the  branching  cells  are  mere 
modifications  of  lymph  corpuscles ;  some  may  fall  into  that 
category,  e,g,,  the  cells  with  beaded  or  irregular  processes  as 
shown  in  Plate  I.  fig.  3,  but  there  are  other  branching  cells 
with  bright  sharply-defined  processes,  some  of  which  are  of 
great  length,  which  seem  to  be  of  a  different  nature,  and  others 
again  fusiform  or  irregular  in  shape  which  I  have  frequently 
seen  in  relation  to  a  network  of  clear  fibres,  which,  though 
represented  in  Plate  I.  fig.  4  as  forming  the  network  by  union 
of  their  processes,  may  be  of  the  nature  of  connective  tissue  cor- 
puscles in  close  relation  to  the  fibres.    These  will  again  be 
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considered  in  alluding  to  the  fibres  of  the  vitreous.  In  passing, 
I  might  say  there  are  other  cells  among  the  zonular  fibres 
which  are  distinctly  clasping  cells  giving  origin  to  the  fibres. 
These  are  seen  in  Plate  II.  fig.  10. 

Membrane. — ^The  membranes  of  the  vitreous  constitute  by 
far  the  most  important  structural  constituents  of  the  tissue. 
They  can  be  seen  on  examining  with  the  microscope  portions  of 
the  fresh  ot  hardened  vitreous  snipped  off  with  a  pair  of  scissors 
from  any  part  of  the  organ,  or  by  making  complete  antero- 
posterior OT  vertical  sections  through  the  vitreous  shrivelled  by 
placing  it  in  a  strong  solution  of  gum  or  glycerine.  The  most 
external  membrane,  or  so-called  hyaloid  membrane,  can  however 
be  separated  by  the  action  of  hardening  agents,  as  Kleinenberg*s 
picric  acid  solution,^  or  ammonium  cfaromate  solution  (5  per 
cent.) ;  it  forms  a  sort  of  capsule  for  the  vitreous.  Each  mem- 
brane presents  a  homogeneous  appearance  when  it  is  spread  out, 
but  the  snrface  may  be  readily  thrown  into  innumerable  folds 
and  crimples,  the  latter  giving  in  some  places  the  impression  of 
fibres,  more  especially  where  a  cell  is  folded  round  it.  The 
resemblance  is  so  striking,  that  I  had  much  hesitation  at  first  in 
prononncing  as  to  their  nature,  but,  judging  from  the  optical 
characters  of  the  crimples,  and  their  similar  appearance  in  other 
parts  where  no  cells  can  be  made  out,  as  is  the  case  near  the 
centre  of  the  organ  in  the  adult,  I  consider  them  to  be  folds  or 
creases  and  not  fibres.  The  general  character  of  the  membranes, 
folds,  and  crimples  is  well  brought  out  by  staining  agents,  eg., 
carmine  (Plate  I.  fig.  5),  logwood,  chloride  of  gold  (Plate  I.  fig.  6), 
&c.,  when  the  general  surface  presents  a  uniform  tint,  with  darker 
straight,  curved,  or  twisted  lines,  or  bands  corresponding  to  the 
folding  or  crimpling.  The  crimples  or  creases  assume  very 
peculiar  shapes  in  some  cases,  which  may  present  here  and  there 
a  corkscrew-like  arrangement.  The  external  membrane,  or 
so-called  hyaloid  membrane  has  been  considered  as  a  special 
structure ;  according  to  my  observations,  however,  it  does  not 
differ  from  the  internal  membranes  except  in  being  thicker,  and 
therefore  I  think  it  is  unnecessary,  and  indeed  misleading,  to 
distinguish  this  membrane  by  the  special  name  of  hyaloid 

1  To  100  C.C.  satnrated  solntion  of  picric  acid  add  2  c.c.  solphuric  acid  ;  filter, 
and  add  800  c.c  distilled  water. 
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membrane,  inasmuch  as  all  the  membranes  are  hyaloid.  It 
may,  however,  with  propriety,  be  termed  the  limiting  hyaloid 
membrane  (membrana  limitans  hyaloidea)  as  Henle  has  pro- 
posed. Iwanofif  (Op.  1,  p.  346)  regards  it  as  identical  with  the 
inner  limiting  membrane  of  the  retina,  but  in  this  I  differ  from 
him  entirely.  Plate  I.  figs.  5  and  6  show  the  characters  of 
the  external  and  of  one  of  the  internal  membranes  respectively. 
These  clear,  homogeneous,  hyaloid  membranes  are  so  arranged 
as  to  give  rise  to  a  concentric  lamination,  the  laminaB  extending 
to  the  canal  of  Stilling,  which  courses  through  the  centre  of  the 
vitreous,  from  the  posterior  pole  of  the  organ,  where  there  is  a 
distinct  depression  opposite  the  papilla  optici  of  the  retina, 
marking  its  origin,  to  near  the  posterior  surface  of  the  crystal- 
line lens,  where  it  ends  in  a  blind  extremity.  The  arrangement 
of  the  membranes  in  the  region  of  the  canal  of  Stilling  can  be 
explained  by  the  membranes  being  invaginated  by  the  entrance 
of  the  hyaloid  artery  which  occupies  the  canal  in  the  foetus. 
With  regard  to  the  portion  of  vitreous  immediately  posterior  to 
the  lens,  it  is  likewise  composed  of  concentric  'membranes  con- 
tinuous with  those  at  the  sides.  The  limiting  hyaloid  membrane 
is  continued  forwards  internal  to  the  zonule  of  Zinn,  becoming 
more  delicate  as  it  passes  behind  the  lens,  and,  similarly,  the 
the  other  membranes  are  continued  forwards  within  it.  The 
presence  of  these  membranes  behind  the  lens  may  be  demon- 
strated by  examining  even  fresh  portions  of  the  vitreous  after 
removal  of  the  lens,  or  of  the  great  mass  of  the  vitreous  from 
behind. 

Plate  II.  fig.  7  shows  a  clear  membrane  in  relation  to  the 
capsule  of  the  lens ;  a  part  of  the  membrane  is  torn  and  folded 
over,  exposing  the  capsule  behind  it.  Schwalbe  denies  this 
concentric  arrangement  of  membranes,  on  the  ground  that  if  the 
vitreous  be  pricked  externally,  all  the  fluid  from  its  interior 
passes  off,  leaving  a  shrivelled  mass,  which,  he  argues,  would  not 
be  the  case  if  the  fluid  was  enclosed  in  differerU  compartTnerUs 
constituted  by  membranous  partitions.  He,  however,  does  not 
take  into  consideration  the  fact  that  in  the  foetus  the  vitreous 
is  full  of  vessels  which  communicate  freely  in  all  parts  of  the 
organ  ;  in  the  adult  no  vessels  are  found,  but  there  is  no  reason 
why  the  fluids  in  the  different  compartments  of  the  vitreous 
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should  not  communicate  by  means  of  tracts  left  in  the  adult  by 
the  foetal  vessels,  just  as  the  canal  of  Stilling  represents  in  the 
adalt  the  situation  of  the  hyaloid  artery  of  the  foetus.  Klein 
is  of  opinion  that  the  canal  of  Stilling  has  nothing  to  do  with 
the  course  of  the  hyaloid  artery;  I  have,  however,  seen  in  the  eye 
of  the  ox  a  conical  projection  from  the  centre  of  the  papilla 
optici  exactly  opposite  the  depressed  commencement  of  the 
canal,  and  in  fact  fitting  into  the  depression.  This  projection 
can  be  injected  through  the  distal  end  of  the  central  artery  of 
the  retina>  and  is  very  probably  the  remains  of  the  hyaloid 
artery. 

The  Canal  of  Stilling,  or  central  canal  of  the  vitreous,  can  be 
easily  demonstrated  by  the  injection  of  a  coloured  fluid  through 
the  distal  end  of  the  central  artery  of  the  retina,  after  section  of 
the  optic  nerva  On  ii\jecting  a  solution  of  soluble  Prussian 
blue,  the  course  of  the  canal  could  be  readily  distinguished,  but 
there  were  no  indications  of  any  smaller  canals  or  slits  com- 
municating with  it  as  StQling  describes  (Op.  6,  p.  526).  The 
walls  of  this  canal  appear  to  be  smooth,  and  composed  of  clear 
membranes  of  the  same  nature  as  above  described. 

27ie  Zonule  of  Zinn,  or  suspensory  ligament  of  the  lens,  has 
been  the  subject  of  much  dispute  among  authors.  Schwalbe, 
Klein,  and  others  consider  it  to  be  a  modified  continuation  of 
the  hyaloid  membrane;  according  to  Henle,  it  is  the  middle 
division  of  the  membrana  limitans  interna  of  the  retina,  while 
in  the  opinion  of  Iwanoff  it  arises  in  the  substance  of  the 
vitreous  in  the  form  of  delicate  fibrils  which  arise  within  the 
vitreous,  in  great  part  behind  the  ora  serrata,  pass  up  towards 
the  era,  become  applied  to  the  membrana  limitans  interna  of 
the  retina  (thus  accounting  for  the  close  connection  between 
the  retina  and  vitreous  in  this  region),  and  finally  pierce  the 
vitreous  at  the  ora  to  form  the  zonule.  Some  fibres  also  arise 
from  the  vitreous  in  front  of  the  plane  of  the  ora  serrata,  and, 
passing  out,  are  added  to  the  fibres  of  the  zonule  {Op,  1,  p.  354). 
My  observations  are  quite  in  accordance  with  those  of  Iwanoff 
in  regard  to  the  origin  of  the  fibres  of  the  zonule  of  Zinn.  I 
cannot  believe  that  the  zonule  is  merely  a  modification  of  the 
hyaloid  membrane,  inasmuch  as  it  is  composed  of  fibres  running 
in  so  many  different  directions.    Plate  II.  figs.  8  and  9  show 
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two  and  three  layers  of  fibres  respectively  running  in  different 
directions,  and  I  have  seen  other  layers  of  fibres  pursuing  a  still 
more  varied  course,  which  for  the  sake  of  simplicity  have  been 
omitted  in  fig.  9.  It  is  in  some  cases  easy  to  see  the  fibres 
curving  at  their  extremities  and  dipping  into  the  vitreous  either 
individually  or  in  strands,  in  the  latter  case  giving  rise  to 
distinct  ridges  and  furrows  on  the  surface  of  the  preparation 
which  mark  the  lines  of  curving  and  penetration  respectively. 
It  is  quite  true  that  the  outer  membrane  presents  a  distinctly 
fibrillated  appearance  at  and  near  the  zonule ;  this,  however,  is 
easily  explained  by  the  fact  that,  as  Iwanoff  has  described, 
the  fibres  run  along  the  inner  surface  of  this  membrane  for 
some  distance  near  the  region  of  the  ora  serrata  before  piercing 
it.  As  the  membrane  is  pierced  along  several  lines  between 
the  ora  serrata  and  the  margin  of  the  crystalline  lens,  it  is 
evident  the  fibrous  thickening  of  the  membrane  is  carried 
beyond  the  ora  towards  the  lens.  The  latter  fibres,  on  piercing 
the  membrane,  add  themselves  to  those  which  have  already 
passed  out,  so  that  the  zonule  is  constantly  receiving  additions 
in  its  course  to  the  lens.  The  outer  membrane  of  the  vitreous, 
as  before  stated,  passes  inside  the  zonule  to  cover  the  surface  of 
the  vitreous  behind  the  lens,  and  in  so  doing  leaves  a  space 
between  it  and  the  zonule,  which  during  the  life  of  the  animal 
is  filled  with  a  fluid ;  it  is,  in  fact,  the  lymph  space  or  canal  of 
Petit,  bounded  anteriorly  by  the  zonule  of  Zinn,  and  posteriorly 
by  the  vitreous  covered  by  its  proper  membrane. 

The  anterior  boundary,  or  zonule  of  Zinn,  though  forming  a 
continuous  membrane,  does  not  completely  shut  out  the  canal  of 
Petit  from  the  posterior  chamber  of  the  eye,  as  there  are  some 
apertures  of  communication  between  these  two  lymph  spaces, 
which  are  probably  situated  near  the  lens  margin,  seeing  that  a 
solution  of  soluble  Prussian  blue  is  found  to  penetrate  the 
zonule  near  the  margin  of  the  lens  when  injected  into  the 
anterior  chamber  of  the  eye. 

The  nature  of  the  fibres  of  the  zonule  of  Zinn  has  been  much 
disputed,  and  in  fact  is  yet  far  from  determined.  They  present 
a  stiff  highly  refractile  appearance,  are  seen  to  branch  and  stain 
with  picric  acid  and  to  some  extent  with  magenta  and  eosine. 
Some  of  them  may  become  swollen  by  absorption  of  water. 


HISTOU)GY    OF   THE  VITREOUS  HUMOUR.  11 

still  however  Tetaining  their  peculiar  characters.  Besides  these 
there  are  diBtiBCt  vldte  fibres  in  the  zonale^  as  some  of  them 
are  seen  ia  procesa  of  development  in  young  animals.  Plate  IT. 
fig.  10  shows  two  of  these  fibres  as  observed  in  the  youn<^ 
labbitb  On  following  the  zonular  fibres  forwards  towards  the 
lens,  ihey  split  up  in  the  form  of  a  brush  to  be  attached  to  the 
anterior  and  posterior  parts  of  the  capsule  of  the  lens.  Those 
attached  to  the  anterior  part  of  the  capsule  can  be  traced  for 
some  distance  along  its  surface,  serving  to  strengthen  it  and 
at  the  same  time  making  its  attachment  more  secure.  This 
accounts  for  the  anterior  part  of  the  capsule  of  the  lens  being 
thicker  than  the  posterior.  Tracing  the  fibres  of  the  zonule 
hack  to  their  origin,  they  are  seen  to  be  formed  by  the  union  of 
delicate  fibrils  which  can  be  followed  into  the  vitreous.  Here 
the  elastic-looking  fibrils  form  an  open  network,  which  very 
closely  resembles  a  network  of  elastic  fibres,  and  here  and  there 
cells  are  seen  closely  applied  to  the  fibres.  This  is  well  seen  in 
Plate  XL  fig.  9,  where  a  fibre  can  be  distinctly  traced  from  the 
elastic-looking  network,  and  is  then  seen  to  divide  and  mingle 
with  the  fibres  of  the  zonule,  which  it  exactly  resembles.  In 
Plate  L  fig.  4,  which  was  previously  alluded  to  when  describing 
the  cells,  we  have  a  similar  network,  in  the  young  rabbit,  in  the 
region  of  the  zonida  Here  the  fibres  are  represented  as  though 
they  were  processes  of  cellS)  and  I  am  obliged  to  admit  such 
was  my  opinion  when  the  figure  was  drawn.  I  am  now  of 
opinion,  however,  that  the  cells  are  here,  as  in  fig.  9,  closely 
applied  to  the  fibres.  Two  clear  fibres  are  seen  passing  from 
this  network,  and  are  not  recognisable  from  the  zonular  fibres. 

Fibres  of  the  Vitreous — Besides  the  elastic-looking  fibres 
found  in  the  equator  of  the  eye  and  in  tlie  region  of  the  ora, 
there  are  others  of  the  same  nature  in  the  substance  of  the 
vitreous  behind  the  lens,  where  they  can  be  seen  to  form  a  net- 
work as  welL  In  the  posterior  pole  and  in  the  centre  of  the 
vitreous,  however,  the  fibres  are  few  in  number,  and  scattered  here 
and  there  in  the  preparations ;  they  present  nevertheless  the  same 
clear  appearance  and  sharp  borders  as  the  fibres  above  described, 
lieberkuhn  describes  fibres  which  are  the  remains  of  the 
embryonal  vessels  in  the  vitreous.  I  have  been  unable  to  distin- 
guish these  in  my  preparations,  though  I  have  seen  certain 
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swollen  fibres  in  the  anterior  pole  of  the  vitreous  which  look 
much  like  white  fibres ;  these  I  am  inclined  to  believe  belong  to 
the  region  of  the  zonule  as  white  fibres  have  been  seen  to 
develop  there  (see  Plate  II.  fig.  10).  From  the  above  description 
it  is  evident  that  most  of  the  fibres  just  described  bear  a  close 
resemblance  to  the  'fibres  of  the  zonule  of  Zinn.  This  is 
especially  true  of  the  elastic-looking  networks  with  which  some 
of  the  zonular  fibres  have  been  shown  to  be  continuous. 

The  importance  of  the  anatomical  fact  that  the  zonule 
of  Zinn  arises  in  the  substance  of  the  vitreous,  as  above 
described,  will  be  evident,  if  we  consider  for  a  moment  the 
relations  of  the  zonule,  and  its  bearings  on  the  mechanism  of 
accommodation.  The  anterior  part  of  the  choroid,  at,  and 
anterior  to,  the  ora  serrata,  and  especially  the  ciliary  processes 
are  adherent  to  the  zonula.  Here  also  the  retina  is  more  closely 
related  to  the  vitreous ;  therefore,  when  the  ciliary  muscle  is  put 
in  action,  it  draws  not  only  the  ciliary  processes  and  choroid 
forwards,  but  also  to  some  extent  the  zonule  of  Zinn.  Were  the 
zonule  of  Zinn  continuous  with  the  inner  limiting  membrane  of 
the  retina  or  with  the  so-called  hyaloid  membrane,  positive 
accommodation  would  be  attended  by  a  drawing  forward  of  the 
retina  against  the  vitreous,  on  the  one  hand,  or  by  a  bulging 
posteriorly  of  the  vitreous  on  the  other ;  in  either  case  the  retina 
would  be  rendered  anaemic  by  pressure,  and  consequently  less 
sensitive  to  the  image  focussed  on  it.  As  accommodation  occurs 
so  very  frequently,  a  constant  emptying  of  the  retinal  vlassels 
would  lead  to  injury  of  its  delicate  structure  and  interference 
with  sight  Such,  however,  is  fortunately  not  the  case,  for  the 
zonule  arising  in  the  vitreous  and  being  connected  with  a  net- 
work peripherally,  at,  and  anterior  to  the  equator  of  the  eye, 
every  pull  on  it  is  distributed  to  the  fibres  in  the  anterior  part  of 
the  vitreous>  and  hence  the  force  being  so  spent,  no  bulging  of 
the  vitreous  posteriorly  can  occur,  as  would  be  the  case  if  the 
zonule  were  a  modification  of  the  outermost  or  so-called  hyaloid 
membrane.  Before  leaving  the  consideration  of  the  fibres  of  the 
vitreous  I  have  still  to  allude  to  a  delicate  network  of  fibrils,  the 
description  of  which  has  been  deferred  on  account  of  its  perplexing 
nature.  It  can  be  demonstrated  in  all  parts  of  the  vitreousi  bat 
is  especially  well  marked  in  the  cortical  portion. 
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I  first  noticed  tbis  network  in  the  vitreous  of  the  young 
nbbit,  injected  during  the  life  of  the  animal  (while  fully  under 
the  iufluence  of  an  ansesthetic)  with  a  ^  per  cent  solution  of  gold 
chloride,  the  eye  being  subsequently  exposed  to  light  for  about 
twenty-four  hours.     On  examining  portions  of  the  vitreous  so 
treated,  the  membranes  were  found  to  be  stained  with  the 
gold,  whicb  also  stained  a  delicate  network  of  fibres  lying  on  the 
surface  of  the  membranes  in  some  parts  of  the  preparation. 
The  network  as  observed  is  represented  in  Plate  IL  fig.  11.    Kot 
being  able  at  first  to  determine  the  nature  of  the  network,  I 
repeated  the  experiment  on  the  eye  of  the  young  rabbit  soon  after 
death,  and  likewise  on  the  fresh  vitreous  of  the  ox,  with  the  same 
result.     The  network  stood  out  prominently,  and  appeared  to 
consist  of  large  and  small  bundles  of  fibrils  forming  fibres,  from 
which  the  fibrils  were  every  here  and  there  given  off  as  branches, 
passed  in  various  directions  and  united   with  ooe  another  to 
form  a  very  delicate  network.    This  at  first  sight  seemed  to  be 
produced  by  a  precipitation  of  fine  coloured  granules  on  the 
surface  of  delicate  fibres.    On  careful  focussing,  each  fibril  was 
seen  to  consist  of  a  row  of  bright  globules  enclosed  in  a  distinct 
sheath,  while  in  some  places  there  were  varicosities  in  the 
course  of  the  fibrils.    I  was  at  first  under  the  impression  that 
we  had  here  to  deal  with  a  network  of  delicate  elastic  fibres, 
and  hence  considered  it  as  analagous  to  the  network  above 
described  as  being  in  relation  to  the  zonule.     On  investigating 
the  subject  still  further,   I  observed  that  it  was  possible  to 
demonstrate  the  network  in  the  fresh  vitreous  of  animals,  by 
tinting  with  carmine,  or  by  the  ordinary  silvering  process  for 
tissues.    In  all  cases  I  obtained  the  same  appearances,  and  was 
much  struck  by  the  marked  resemblance  of  the  network  to  the 
arrangement  of  nerve  fibrils  as  seen  in  the  cornea,  mesentery, 
&C.    The  appearance  of  the  network  and  its  close  correspond- 
ence to  that  of  delicate  nerve  fibrils  is  seen  in  Plate  II.  fig.  12. 
The  larger  bundles  of  fibrils,  with  indications  of  fibrillation,  the 
delicate  fibrils  themselves  beaded  in  some  places  and  at  times 
very  regularly  so,  and  finally  their  staining  with  gold,  carmine, 
and  nitrate  of  silver,  were  all  extremely  suggestive  of  their 
nervous    nature.      I  advance  this  view,  however,  with  some 
reserve,  considering  that  the  presence  of  nerves  in  the  vitreous 
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has  never  even  been  hinted  at  by  previous  observers.  The 
vitreous,  however,  being  a  fully  organised]  tissue,  it  seems  to  me 
not  more  remarkable  that  it  should  contain  nerve  fibrils  than 
that  they  should  be  found  in  the  substance  of  the  cornea,  and  in 
other  forms  of  connective  tissue. 

In  conclusion,  I  have  to  acknowledge  my  indebtedness  to 
Professor  Sutherford  for  his  kindness  in  suggesting  the  above  to 
me  as  a  subject  for  research,  for  the  use  of  his  laboratory,  and 
for  the  encourgement  and  assistance  he  has  been  ever  ready  to 
render  me  in  my  investigation  of  this  difficult  and  often  per- 
plexing subject.  I  have  finally  to  thank  him  for  his  super- 
vision of  this  paper,  to  which  I  have  much  pleasure  in  giving 
publicity,  hoping  that  thereby  the  subject  will  once  more  engage 
the  attention  of  eminent  observers. 
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EXPLANATION  OF  PLATES  L  AND  n. 

Fig.  1.  shows  large  amoeboid  cells  taken  from  the  posterior 
pole  of  the  vitreous  of  the  ox,  internal  to  the  limiting  hyaloid  mem- 
brane. Stained  with  picro-carmine.  The  nuclei  are  very  distinct,  and 
usually  contain  nucleoli ;  some  cells  are  vacuolated,  a,  vacuole  ;  b,  cell 
breaking  down,      x  700. 

Fig.  2.  Branching  cells  as  seen  in  the  vitreous  of  the  ox  near  the 
equator  of  the  eya  Two  are  Tacuolated,  a.  The  processes  are  of 
various  shapes,  some  straight  and  clear  as  at  6.      x  500. 
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Tig.  3.  ETauching  cells  from  near  the  equator  of  the  eye  with  nuclei 
and  yaAUolea.  ProceeseB  with  irregular  outlines  due  to  beading  along 
its  couTBe,  some  end  in  a  beaded  manner,  a,  vacuole ;  b,  beaded  ex- 
tremity.     X  700. 

Fig.  4.  Xetvork  of  clear  fibres  from  anterior  portion  of  vitreous  of 
young  rabbil  Cellfi  are  seen  in  close  relation  to  the  network  as  at  a ; 
6,  a  fibre  following  a  somewhat  curved  course ;  ccj  two  straight  clear 
fibres  resembling  tbe  zonular  fibres,      x  700. 

Fig.  5.  Portion  of  limiting  hyaloid  membrane  of  ox  much  crimpled 
and  creased,  stained  with  carmine,      x  375. 

Fig.  6.  Portion  of  internal  membrane  of  ox  folded  and  creased,  a,  a 
fold ;  by  a  crease ;  e,  homogeneous  surface  of  membrane,      x  375. 

Fig.  7.  Portion  of  membrane  behind  lens  capusle ;  also  a  network  on 
darkly  stained  portion,  taken  from  eye  of  young  rabbit  injected  with 
gold  chloride,  a,  capsule  of  lens ;  b,  clear  membrane ;  c,  darkly  stained 
membrane  with  a  network  of  fibrils ;  b'^  portion  of  clear  membrane 
torn  off  and  folded  over,  exposing  lens  capsule,      x  375. 

Fig.  8.  Portion  of  zonule  of  Zinn  with  pigment  cells  of  two  ciliary 
processes  lying  on  it  a,  pigment  cells  of  ciliary  processes;  b,  hexagonal 
cells  of  pars  ciliaris  retinas  ;  c,  ridge  of  zonular  fibres  between  adjacent 
processes ;  d^  superficial  plane  of  clear  elastic-looking  fibres ;  e,  deeper 
plane  of  fibres  running  nearly  at  right  angles  to  d,      x  375. 

Fig.  9.  Portion  of  zonule  of  Zinn  of  cod,  showing  three  layers 
of  fibres  a^  b,e;  on  e  is  seen  a  network  of  elastic-looking  fibres  d, 
from  which  a  fibre  passes  up,  divides  and  becomes  lost  among  the 
other  fibres  of  tbe  layer ;  e  and  /  two  cells  in  close  relation  to  the  fibre 
which  runs  upwards ;  g  and  h  are  the  divisions  of  the  fibre,      x  375. 

Fig.  10.  Two  developing  fibres  of  white  fibrous  tissue  from  the 
region  of  the  zonule  of  Zinn. 

Fig.  11.  ^Network  of  fibrils  as  seen  in  the  eye  of  the  rabbit  injected 
with  gold,  it  is  left  uncoloured  in  drawing,  a  and  6,  membranes 
darkly  and  faintly  stained  ;  e,  network  of  fibrils,      x  375. 

Fig.  12.  Network  of  fibrils  lying  on  the  surface  of  a  membrane, 
stained  with  gold  chloride;  there  are  large  and  small  bundles,  and 
also  delicate  fibrils.  The  appearance  is  much  like  nerve  fibrils,  which, 
however,  are  irregularly  beaded,  except  here  and  there,  where  vari- 
cosities are  clearly  seen.  Two  fibres  project  beyond  the  membrane. 
a,  membrane ;  5,  fibre ;  e,  fibril ;  d,  fibril  with  distinct  varicosities 
x700. 


ON  THE  COMPARATIVE  VAEIABILITY  OF  BONES 
AND  MUSCLES,  WITH  EEMAEKS  ON  UNITY  OF 
TYPE  IN  VARIATIONS  OF  THE  ORIGIN  AND 
INSERTION  OF  CERTAIN  MUSCLES  IN  SPECIES 
UNCONNECTED  BY  UNITY  OF  DESCENT.^  By 
G.  K  DoBSON,  M.A.,  F.RS. 

So  many  papers  have  been  written  on  the  variability  of  muscles 
that  several  biologists,  who  have  not  specially  studied  the  sub- 
ject, have  formed  the  opinion  that  nothing  in  the  structure  of 
an  animal  is  half  as  variable  as  a  muscle,  and  that,  conse- 
quently, little  value  attaches  to  any  deductions  one  may  be  led 
to  make  from  the  closest  study  of  these  parts.  They  forget, 
however,  that,  in  the  first  place,  these  published  notes  have  been 
almost  wholly  confined  to  the  muscles  of  man,  the  very  type  of 
a  domestic  animal,  and  therefore,  as  Darwin  points  out,  a  most 
nnsuitable  subject  for  studying  fixity  of  type  in ;  and  secondly, 
that  the  few  variations  recorded  represent  the  exceptions  to  the 
rule  in  thousands  of  normally  formed  bodies.  It  is  on  this  very 
principle  that  exceptions  are  few,  that  writers  of  works  on 
human  anatomy  have  been  able  to  lay  down  with  exactitude, 
in  few  words,  the  limits  of  the  origins  and  insertions  of  the 
muscles,  and  the  student  rarely,  indeed,  finds  that  his  book 
fails  to  describe  sufficiently  accurate  the  relations  of  the  mus- 
cular structures  he  is  examining. 

From  study  of  the  muscular  structure  of  mammals  killed  in 
the  feral  state,  I  have  formed  the  opinion  that  muscular  varia- 
bility in  the  same  species  is  a  matter  of  extreme  rarity — so  rare 
as  to  form  a  very  unimportant  factor,  indeed,  in  affecting  general 
deductions  which  may  be  based  on  the  study  of  few  examples 
of  given  species. 

An  anatomist  has  remarked  that  it  appears  unquestionable 
that  the  arrangement  of  the  muscular  system  is  intimately 
connected  with  and  altogether  subordinate  to  that  of  the  bony 

^  Read  before  the  Biological  Section  of  the  British  Association  for  the  Advanoe- 
xnent  of  Science,  at  the  Montreal  Meeting,  2nd  September  1884. 
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iiamewotlL.^  ThiB>  which  at  first  sight  appears  to  be  an  axio- 
matic statemeiit^  althoogh  undoubtedly  true  to  a  great  extent, 
yot  is  not  absolutely  so,  for  I  shall  presently  show  that,  not 
only  many  most  important  changes  in  the  form  and  arrangement 
ot  the  muscles  have  taken  place  quite  independent  of  the  osseous 
stroctares  they  are  attached  to,  but  also  many  muscles  are  much 
more  permanent  than  the  bones  of  the  limbs  to  which  they 
belong,  and  by  their  permanence  afford  important  indications  of 
the  extensive  changes  that  have  befallen  the  skeleton. 

Of  all  the  different  parts  of  the  osseous  framework  of  the 
animal  body,  none  are  so  liable  to  modification  as  the  bones  of 
the  extremities ;  and  here  we  may  therefore  study  with  best  effect 
the  subject  under  consideration. 

To  pass  at  once  to  an  instance  of  extreme  modification  of  the 
bones  of  the  fore-limbs,  we  have  only  to  consider  their  condition 
in  the  bats,  where  the  shaft  of  the  ulna  is  reduced  to  a  mere 
thread-like  bony  spicule  anchylosed  with  the  radius,  whilst  the 
head  scarcely  enters  into  the  formation  of  the  elbow-joint 
Nevertheless,  all  the  usual  muscles,  with  the  exception  of  the 
proncUor  quadratus,  are  present,  and,  as  Professor  Humphry  has 
shown  in  Fteropus,  the  only  differences  from  the  dorsal  muscles 
of  the  human  fore-arm  and  hand  are  to  be  found  in  the  insertion 
of  the  supinator  and  in  the  extensors  of  the  poUex.  Even  in  the 
horse,  where  the  ulna  is  represented  only  by  the  olecranon  and 
upper  part  of  the  shaft,  and  the  digits  are  reduced  to  one,  most 
of  the  forearm  muscles  of  the  five-toed  mammals  are  repre- 
sented, the  extensor  minimi  digid  even  surviving,  although  both 
its  insertion  and  special  function  have  long  been  completely 
altered. 

In  the  hind-limb,  however,  the  relative  modification  of  bones 
and  muscles  are  even  better  exemplified,  for  there  the  changes 
displayed  throughout  the  mammalian  series  are  more  diversified 
and  intense. 

The  hind-limb  of  most  bats  affords  an  instance  of  intense 
modification  not  less  remarkable  than  that  of  the  fore-arm,  for 
(except  in  the  sub-family  Molossince)  the  fibula  is  either  very 
slender,  or  cartilaginous  and  ligamentous  in  its  upper  third,  or 

'  George,   "Monographic  du genre  Daraen,"  Ann.  des  Sci.Nat,  ▼!«»•  S6r.,  t. 
1«  p.  123- 
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reduced  to  a  small  bony  process  above  the  heel,  or  altogether 
absent,  as  in  Nycteris}  Nevertheless,  the  flexor  digitorwni 
flhdaTis  (Jlexor  halluds  longtcs),  which  in  all  other  mammals 
arises  almost  altogether  from  the  fibula,  is  present,  having 
shifted  its  origin  inwards  to  the  outer  side  of  the  tibia,  as  in 
many  bats,  or  upwards  to  the  outer  condyle  of  the  femur,^  as  in 
Nycteris  and  some  other  species,  which  in  this  respect  resemble 
birds.  Professor  Humphry  has  pointed  out  that,  although  the 
upper  part  of  the  fibula  is  altogether  absent  in  Pteropus,  the  per- 
onefiis  longvs  is  present,  having  simply  shifted  its  origin  to  the 
tibia.* 

The  independent  character  of  the  changes  which  affect  bones 
and  muscles,  is  nowhere  better  illustrated  than  when  we  com- 
pare the  several  modifications  of  the  long  flexor  muscles  of  the 
feet  of  mammals  and  the  concomitant  condition  of  the  bones  of 
the  legs  and  feet  to  which  they  are  attached. 

In  a  paper  published  in  a  preceding  volume  of  this  Journal  ^ 
I  demonstrated  the  fact  that  two  types  of  arrangement  of  these 
muscles — the  flexor  digitorum  flindaris  (flexor  hodlucis  longtis) 
and  flexor  digitorum  tibialis  (Jlexor  digitorum  longvs) — were 
recognisable,  namely,  a  united  condition  of  their  tendons  in 
the  sole  of  the  foot,  present  in  most  placental  mammals,  and  a  dis- 
united, caused  by  separation  of  the  tendon  of  the  flexor  digitorum 
tibialis,  as  seen  in  certain  families  of  placental  mammals,  and  in 
nearly  all  the  implacental.  Now  it  is  worthy  of  special  notice  that 
the  united  or  disunited  condition  of  the  tendons  of  these  flexors 


^  In  a  specimen  of  Nycteris  hispida  I  find  a  smaU  cartilaginous  process  attached 
by  ligament  to  the  outer  side  of  the  head  of  the  tibia,  giving  origin  to  some 
fibres  of  tlie  flexor  fibiUaris.     This  may  be  a  rudiment  of  the  head  of  the  fibula. 

'  The  muscular  fibres  are  therefore  continued  from  the  femur  across  the  knee- 
joint,  as  in  the  undifferentiated  condition  still  represented  by  the  anibiens  muscle 
of  crocodiles  and  many  birds.  See  Gadow,  **  Obseryations  in  Comparative  Myo- 
logy," Jowni,  Anat.  Fhys.,  vol.  xvi.  pp.  502-3. 

*  The  peculiar  course  of  the  rectiis  abdominis  el  stemalis  muscle  in  the  golden 
moles  (Chrysochloris),  affords  an  interesting  example  of  tbe  capability  of  muscles 
to  accommodate  themselves  to  altered  conditions  of  the  skeleton.  In  these 
animals,  the  usual  course  of  this  muscle  being  interfered  with  by  alterations  in 
the  form  of  the  thorax,  it  has  assumed  a  position  altogether  different  from  that 
of  any  other  known  mammal,  lying  superficial  to,  instead  of  under  cover  of,  the 
pectoral  muscles.  See  the  writer's  notes  on  this  condition  of  the  muscle,  at  pp. 
84>85|  vol.  xvii  of  this  Jowmal, 

*  Vol.  xvii  pp.  142-179,  plates  iv.-vi. 
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appears  to  have  no  relation  whatever  to  the  united  or  disunited 
state  of  the  leg-bones.  Thus,  although  the  fibula  is  well 
developed  in  all  the  implacental  mammals,  in  the  sciuromorphic 
rodents,  and  in  the  American  species  of  Edentata,  the  jUxor 
diffUorum  tibialis  is  nearly  always  separate,  or  the  muscle  is 
altogether  absent ;  while,  on  the  other  hand,  in  all  Chiroptera 
and  Ungulata,  in  which  this  bone  is  generally  rudimentary  or 
fused  with  the  tibia,  the  tendon  of  that  muscle  is  united  in  the 
foot  with  that  of  the  flexor  digitorum  Jibvlaris^  as  it  is  in  the 
Carnivora  and  Primates,  where  both  bones  are  well  developed. 

Just  as  in  the  marsupial,  Hypsiprymnus  gaimardiy  where  the 
animal  walks  on  a  single  toe  and  the  long  flexor  muscles  are 
reduced  to  one  ^  (the  fibular  flexor),  so,  iu  the  one-toed  horse, 
one,  who  was  acquainted  with  the  anatomy  of  the  former  species 
only,  would  expect  to  find  similarly  a  single  flexor;  but  his 
expectations  would  not  be  realised,  for  the  horse  has  both 
flexors,  with  well-developed  tendons  united  in  the  foot,  as  in  the 
greater  number  of  five-toed  mammals,  a  sure  indication  of  his 
five-toed  ancestry.* 

The  migration  of  the  tibial  flexor  (which  normally  arises,  as 
we  find  it  in  CerUetes,  from  the  head  of  the  fibula,  the  inter- 
osseous membrane,  and  the  adjacent  margin  of  the  upper  part  of 
the  shaft  of  the  tibia)  from  the  fibular  to  the  tibial  side  of  the 
popUteus  muscle  generally  occurs  (in  placental  mammals)  as  a 
prelude  to  the  separation  of  its  tendon  from  that  of  the  fibular 
flexor,  and  is  evidently  due,  not  to  changes  in  the  bones  of  the 

^  Jotum.  AtuU.  Phys.,  loc.  ciL,  plate  7.  fig.  9, 

'  In  my  paper  already  referred  to  I  have  shown  how,  in  Centetes  ecavdaiios 
(which  in  many  respects  presents  a  better  example  of  an  undifferentiated  Eutherian 
than  even  Oymnura  rafflcsii),  the  evidently  original  mode  of  distribution  of  the 
tendons  of  these  muscles  in  the  ancestral  forms  from  which  existing  mammals 
have  sprung  may  still  be  traced ;  for  in  this  species  their  connections,  as  they 
overlie  one  another,  are  not  so  close  as  to  prevent  their  exact  discrimination ; 
and  it  may  at  once  be  seen  {Joum*  Anat,  Phys.,  loc.  ci^.,  plate  iv.  fig.  1)  that,  while 
the  tendons  of  theJUxor  digitorum  Jibularia  supply  the  three  middle  toes,  those 
of  ilitflexcT  digitorum  tibialis  are  distributed  to  the  outer  and  inner  toes  respec- 
tively. All  connected  conditions  of  these  tendons  in  other  mammals  are  evi- 
dently but  modifications  of  such  an  original  arrangement,  and  the  presence  of 
the  tendon  of  the  tibial  flexor  in  the  foot  of  any  mammal,  however  modified, 
indubitably  points  to  a  pre-existing  five-toed  state ;  so  that,  in  the  case  of  the 
horse,  if  no  other  evidence  were  attainable  of  his  five- toed  ancestors,  the  presence 
of  the  two  deep  flexors  we  find  in  his  pes  would  sufficiently  indicate  them. 
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limbs  (for  we  fiud  it  in  the  horRe  on  the  fibular  side),  bat  to 
increase  in  the  size  of  the  body  of  the  fibular  flexor,  which 
occupies  its  attachment,  and  gradually  forces  it  towards  the 
internal  margin  of  the  tibia. 

Intermediate  conditions  are  beautifully  shown  in  the  mar- 
supial flying  squirrel  {Bdideus  Jlaviventer),  in  Solenodon 
cvianus,  in  the  Pyrenean  water-mole  (MyogaU  pyrenaiea),  in  the 
American  jumping  mouse  (Zapus  hudsonius),  in  the  great  rodent 
mole  {Bathyergus  maritimus),  and  in  the  common  hedgehog.  In 
Bdideus  {Joum.  Anat  Phys,,  loc  cit.,  plate  v.  fig.  8)  the  tibial 
flexor  has  partially  migrated  to  the  tibial  side  of  the  popliteus 
muscle,  retaining  still  its  connection  by  a  few  fibres  with  the 
fibula,  while  its  tendon  has  separated  in  the  foot  from  that  of 
the  fibular  flexor,  and  become  attached  to  the  base  of  the  first 
metatarsal  bone,  these  changes,  it  may  be  noticed,  having  taken 
place  quite  independent  of  any  alteration  in  the  fibula.  In  Zapus 
{loc,  cit.y  plate  vi.  figs.  4,  4a)  the  greatly-increased  size  of  the 
fibular  flexor,  evidently  consequent  on  the  weight  when  leaping 
being  thrown  on  the  three  middle  toes,  has  forced  the  tibial 
flexor  away  from  its  fibular  and  interosseous  attachment  alto- 
gether, so  that  it  occupies  the  shaft  of  the  tibia  immediately 
below  the  insertion  of  the  popliteus,  while  its  tendon  has 
thrown  out  a  second  slip,  apparently  preparatory  to  separation 
from  the  fibular  flexor.  In  Solenodon  {loc.  cU.,  plate  iv.  fig.  2), 
where  the  three  middle  toes  are  so  much  larger  than  the  others, 
probably  for  digging,  we  fiud  a  similar  but  more  advanced  stage ; 
for  the  fibular  flexor  (which,  as  shown  in  Ce7itetes,  specially 
supplies  these  toes)  has  so  increased  in  size  and  attachment  as 
to  occupy  not  only  the  whole  space  on  the  fibular  side  of  the 
popliteus,  but  also  part  of  the  shaft  of  the  tibia  below  the 
insertion  of  that  muscle,  so  that  the  tibial  flexor  has  been 
obliged  to  seek  a  new  attachmeut  on  the  tibial  side  of  the 
popliteus.  In  the  Pyrenean  water-mole  {loc.  cit.,  plate  iv.  fig.  5), 
where  the  digits  are  so  much  lengthened,  this  enlargement  of 
the  body  of  the  fibular  flexor  has  attained  the  greatest  possible 
extent ;  for  it  occupies  the  whole  posterior  surface  of  the  shafts 
of  the  fibula  and  tibia,  and  the  greater  part  of  their  heads,  while 
the  tibial  flexor  is  reduced  to  the  state  of  a  mere  rudimentary 
muscle,  attached  on  the  tibial  side  of  the  popliteus  to  the  upper 
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margin  of  the  head  of  the  tibia.  In  the  true  moles  (TcUpa)  the 
relations  t)I  these  muscles  are  similar,  but  the  tibial  flexor  is 
larger.  The  great  rodent  mole  {Baihyergus  maritimus)  presents 
an  instance  of  similar  changes  in  the  muscular  structures, 
induced  by  similar  habits  in  an  animal  otherwise  widely 
separated  from  the  true  mole&  Here  tlie  large  fibular  flexor,  as 
in  Myogale,  has  forced  the  tibial  flexor  inwards,  so  that  the 
latter  is  attached  to  the  head  of  the  tibia  internal  to  the  attach- 
ment of  the  popliteus ;  and  its  tendon  having  separated  in  the 
foot  from  that  of  the  fibular  flexor,  is  attached,  precisely  as  in 
the  true  iusectivorous  moles,  to  the  tibial  margin  of  the  basal 
phalanx  of  the  hallux,  developing,  as  it  crosses  the  ento-cunei- 
form  articulation,  a  broad  sesamoid  ossicle. 

A  review  of  these  facts  suggests  two  interesting  questions : — 

1.  What  were  the  causes  which  led  to  final  separation  of  the 
tendon  of  the  flexor  digUorum  tibialis  from  that  of  the  flexor 
digUcyrum  flJmlaris. 

2.  How  happens  it  that,  in  certain  widely  separated  species, 
in  no  way  connected  by  descent  from  a  common  ancestor  having 
similar  peculiarities,  separation  of  this  tendon  from  that  of  the 
fibular  flexor  and  attachment  to  a  difierent  part  of  the  foot  has 
occurred  in  a  perfectly  similar  manner. 

I  have  already  partly  indicated  what  I  believe  to  be  the 
solution  of  the  first  question,  namely,  that,  seeing  that  the  three 
middle  toes  are  supplied  by  the  fibular  flexor,  whatever  cause 
might  lead  to  greater  work  being  thrown  on  these  digits  would 
necessarily  lead  also  to  increased  size  in  the  body  of  the  muscle, 
and,  consequently,  to  a  more  extended  origin  for  its  fibres ;  and 
that  this  increased  origin,  if  carried  sufficiently  far,  must  occupy 
the  whole  fibular  side  of  the  tibia,  and  so  force  the  less  used 
tibial  flexor  to  the  internal  side  of  the  bone.  In  such  a  position 
it  is  evident  Qoc.  dt,  plate  iv.  fig.  2)  that  its  tendon,  being  united 
at  a  considerable  angle  with  the  side  of  the  tendon  of  the  fibular 
flexor,  has  a  constant  tendency  to  separate  from  the  side  of  that 
tendon.  If  now,  previous  to  separation,  it  has,  by  the  formation 
of  a  second  tendon,  attached  itself  to  any  other  part  of  the  pes, 
as  in  Solenodon  cuhanus  {loc.  dt,  plate  iv.  fig.  2),  such  connection 
will  be  maintained  or,  perhaps,  extended  after  separation,  as  wo 
find  in  some  species,  such  qs  in  Urinacens  europceus  {loc,  ci^., plate  iv. 
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fig.  3),  Croddura  cceridescena  (loc.  dt.,  fig.  4),  MyogcUe  pyrenaica  Qoe, 
dt,  fig.  6),  Bathyergus  maritimus  {loc,  dt,,  plate  iv.  fig.  6),  and  in 
many  species  of  Rodentia,  Edentata,  and  Marsupialia,  where  it  is 
connected  with  the  first  metatarsal  bone,  or  with  the  first  halluceal 
phalanx.  If,  on  the  other  hand,  it  has  not  formed  such  connec- 
tions, it  may  attach  itself,  after  separation  from  the  fibular  flexor 
tendon,  to  the  superficial  fascia  and  integument  of  the  sole  of 
the  foot,  as  we  find  it  in  some  species  of  JSrinctcetis,  Myoosvs,  &a, 
or  it  may  disappear  altogether,  as  we  notice  in  others. 

Now  there  are  two  conditions,  namely,  fossorial  and  climbing 
actions,  which  tend  to  throw  most  work  on  the  three  middle  toes, 
and  so  lead  to  the  development  of  the  fibular  flexor,  and  separa- 
tion from  it  of  the  tibial  tendon,  as  we  find  it  in  all  the  species 
of  true  moles  (Talpidce),  hedgehogs  {Erinaceidcc),  and  shrews 
{Soriddce), — which  are  all  so  closely  allied  that  they  may  well 
have  been  derived  from  a  common  ancestor, — also  in  most  of  the 
fossorial  Bodentia  and  Edentata,  and  in  Echidna  and  Orni- 
thorhynchus,  the  fossorial  habits  of  which  are  so  well  known ; 
also  among  arboreal  mammals^  (or  those  descended  from 
ancestors  having  arboreal  habits),  as  in  the  squirrels  and  dormice, 
the  arboreal  Edentata  (BrachypodidcB,  Mynnecophagidce)  and  their 
descendants,  and  in  nearly  all  the  marsupials. 

It  is  especially  interesting  that  the  arrangement  of  the  long 
flexors  in  the  pes  of  the  marsupials  has  led  me  to  form  an  opinion 
similar  to  that  deduced  by  Professor  Huxley  ^  from  the  prehensile 
character  of  the  pes,  namely, ''  that  the  primitive  forms  whence 
the  existing  Marsupialia  have  been  derived  were  arboreal 
animals."  » 

^  Two  different  modifications  of  the  pes  for  climbing  are  observable,  one  in 
which  the  three  middle  toes  and  their  claws  are  especially  elongated,  and  climb- 
ing Ib  effected  by  the  claws,  as  in  the  squirrels  and  other  arboreal  non-qaadru- 
manoDS  animals,  the  other,  in  which  the  four  outer  toes  are  nearly  equally 
elongated,  have  flat  nails,  and  the  hallux  is  more  or  less  opposable,  climbing 
being  effected  by  the  grasping  action  of  the  digits,  as  in  the  Quadrumana  and 
Lemuroidea ;  in  the  former  we  find,  as  by  my  theory  we  should  expect,  the  tibial 
flexor  separated,  and,  in  the  latter,  still  united  with  the  fibular  flexor. 

>  <<  On  the  application  of  the  laws  of  evolution  to  the  arrangement  of  the  Vcrte- 
brata,  and  more  particularly  of  the  Mammalia,"  by  T.  H.  Huxley,  F.R  S.,  Proe. 
Zool,  Soe.,  1880,  pp.  655,  666. 

'  The  DasyuridsB  alone  are  probably  an  exception  to  this  rule.  In  Thyladmis 
neither  the  form  of  the  pes  nor  the  arrangement  of  the  long  flexor  muscles  indicate 
descent  from  arboreal  ancestors,  and,  although,  in  the  arboreal  s^iecies  of  the 
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Solution  of  the  second  question  is  attended  with  much  greater 
difficulties.  We  see,  as  I  have  shown,  how  in  two  very  different 
animals,  such  as  the  common  mole,  and  the  great  rodent  mole, 
which  resemble  one  another  only  in  living  under  ground,  and  in 
similarly  using  their  hind  feet,  precisely  similar,  modifications  of 
the  deep  flexor  muscles  have  been  brought  about.  The  similar 
separation  of  the  muscles  in  the  progenitors  of  both  animals  is 
easily  understood,  as  above  explained,  but  not  so  the  peculiar 
mode  of  attachment  of  the  separated  teadon  of  the  fibular  flexor, 
so  perfectly  similar  in  both.  Such  unity  of  type  unexplained  by 
unity  of  descent  seems  capable  of  being  understood  only  under 
the  assumption  that  the  special  modification  arrived  at,  is,  in 
both  cases,  the  best  possible,  and  that  it  has  been  reached  in 
both  animals  independently  by  natural  selection. 

fiunilj  separation  of  the  tendons  of  these  mnscles  has  taken  place,  yet  it  appears 
probable  that  they  and  Thylaeinus  are  the  descendants  of  some  terrestrial 
foim  provided  with  five  unmodified  digits. 

Beside  the  separation  of  the  tibial  flexor  in  the  pes,  there  are  other  characters 
in  the  feet  of  all  marsupials,  except  Dcuyuridce  and  Diddphidx^  which,  whether 
the  hallux  be  rudimentary,  or,  as  in  most  species  of  Macropodidx  and  Peramelidcef 
absent  altogether,  affords  absolute  proof  of  its  pre-existence  and  opposable  con- 
dition in  the  ancestral  forms  from  which  all  the  species  of  these  families  were 
derived.  I  refer  to  the  united  and  more  or  less  rudimentary  state  of  the  second 
and  thiitl  digits,  the  cause  of  which  has  long  puzzled  zoologists.  How  this  has 
been  brought  about  by  the  development  of  an  opposable  hallux  in  the  pes  of 
animals  in  which  separation  of  the  tibial  flexor  had  previously  taken  place,  I 
purpose  demonstrating  in  a  future  communication. 


CONGENITAL  MALFORMATION  OF  THE  TRACHEA 
OF  A  HORSE.  By  F.  Smith,  Vetemnai-y  Surgeon,  12^A 
Boyal  Lancers. 

Malformations  of  the  trachea  of  the  horse  are  by  no  means 
commoD,  and  I  can  find  no  account  on  record  of  the  peculiar 
condition  which  I  am  about  to  describe.     An  aged  Australian 
horse  was  under  my  professional  care  for  lameness.    I  noticed  a 
strange  appearance  of  the  front  of  the  neck  over  the  trachea, 
the  part  being  flattened,  with  a  large  depression  in  its  centre 
running  some  distance  down  the  neck.     On  examining  this,  I 
found  the  trachea  large,  flattened,  and  unyielding,  with  a  space 
3  inches  wide  in  the  centre,  which  could  be  traced  from  just 
below  the  larynx  into  the  chest.    The  borders  of  this  space  were 
formed  by  the  trachea,  its  edges  being  rounded  and  unyielding. 
The  space  was  soft  and  compressible,  and  the  finger  could  easily 
be  pressed  into  the  channel  of  the  trachea.    My  first  impression 
was  that  there  was  a  rupture  of  the  tracheal  rings,  for  I  need 
hardly  say  that  normally  there  is  no  incomplete  condition  of 
the  cartilaginous  rings  at  the  anterior  part. .  Further  examination 
showed  that  this  could  not  be  the  case  on  account  of  the  extent 
of  the  lesion.     I  could  only  infer  that  the  posterior  part  of  the 
trachea  (that  part  nearest  the  vertebra,  where  the  rings  are 
normally  incomplete,  and  their  two  sides  connected  together  by 
muscular  and  fibrous  tissue)  was  twisted  round,  so  that   the 
posterior  part  became  anteriorly  placed.     The  patient   when 
trotted  "  roared  "  badly. 

He  was  destroyed  for  incurable  lameness,  and  I  thus  had  an 
opportunity  of  examining  the  trachea. 

The  larynx  was  not  distorted,  but  there  was  atrophy  and  fatty 
degeneration  of  the  muscles  on  its  left  side.  From  below  the 
larynx  the  trachea  twisted  round  so  that  the  posterior  part 
became  anteriorly  placed.  The  rings  were  wide  and  flattened, 
towards  the  centre  of  the  neck  they  were  very  rigid,  and  at  the 
lower  part  they  became  angular,  and  had  bony  protuberances  on 
them.    All  the  rings  ended  by  a  flattened  square  edge  on  one 
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side,  and  on  the  other  they  were  thick  and  abrupt  as  if  cut  with 
a  knife.  Connecting  these  two  edges  of  the  trachea  was  a  thin, 
fibrous,  shiny,  tough  membrane,  which  on  the  cut-like  edge 
formed  bands,  but  not  so  on  the  other ;  lower  down  the  bands 
disappeared,  but  the  connecting  membrane  was  more  tense. 
The  width  oE  this  connecting  membrane  (and  consequently  the 
distance  between  the  two  edges  of  the  trachea)  was,  superiorly, 
immediately  behind  the  cricoid  cartilage,  1  inch;  centrally, 
opposite  the  third  and  fourth  cervical  vertebrse,  3  inches ;  and 
inferiorly,  above  the  bronchi,  2  inches.  It  was  this  membrane 
I  had  felt  during  life,  and  resting  on  it  was  the  oesophagus,  which 
thus  ran  near  the  central  line  of  the  neck  instead  of  down  the 
left  side.  Just  before  the  trachea  broke  up  into  the  bronchi,  a 
piece  of  narrow  thin  cartilage,  4  inches  in  length,  was  found  lying 
in  and  attached  to  the  counectiug  membrane  of  the  edges  of  the 
trachea;  it  ended  abruptly  at  the  bronchi  by  overlapping 
three  or  four  other  large  plates  of  cartilage  which  were  coming 
from  the  bronchi.  This  condition  was  most  singular.  The 
circumference  of  the  trachea  was,  superiorly,  8^  inches;  centrally, 
9^  inches ;  inferiorly,  9^  inches ;  just  in  front  of  the  bronchi,  7| 
inches.     The  number  of  rings  in  the  trachea  was  fifty-six. 

Transverse  sections  of  the  trachea  were  made  at  regular 
intervals  throughout  its  length  in  order  to  show  the  calibre,  and 
these  proved  most  interesting.  The  first  section,  4  or  5 
inches  below  the  larynx,  showed  that  the  tube  was  oval,  the 
opening  being  3  inches  in  its  transverse  diameter,  and  |  inches 
in  its  antero-posterior  diameter;  second  section  showed  the 
lumen  much  narrower,  the  ring  at  one  part  being  flat,  the 
measurements  were  2g  inches  in  its  transverse,  and  g  inch  iu 
its  antero-posterior  diameter;  third  section,  this  was  very  singular, 
here  the  space  for  the  air  to  pass  through  was  reduced  to  a  most 
insignificant  size,  it  was  2|  inches  in  its  transverse  and  |  inch 
in  its  antero-posterior  diameter;  fourth  section  showed  the 
channel  considerably  enlarged,  it  was  3  inches  in  its  transverse 
and  1^  inch  in  its  antero-posterior  diameter ;  the  fifth  section 
was  again  larger,  it  was  2|  inches  in  its  transverse  and  \^  inch 
in  antero-posterior  diameter ;  in  the  sixth  section  the  rings  of 
the  trachea  were  singular,  and  the  passage  was  2|  inches  in 
transverse  and  1  inch  in  antero-posterior  diameter. 
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Distortions  of  the  trachea  of  the  horse  have  been  known  to 
occnr  from  the  abuse  of  the  ''  bearing  rein/'  but  these  are  of  a 
surgical  rather  than  anatomical  interest  The  malfonnation  I 
have  described  was  congenital,  and  such  a  condition  as  the 
trachea  being  twisted  and  flattened  is,  I  think,  of  sufficient 
interest  to  the  anatomist  to  warrant  me  in  placing  the  case  on 
record. 


ON  THE  NATURE  OF  LIGAMENTS.  (Part  IL)  By 
J.  B.  Sutton,  F.R.C.S.,  Lecturer  on  Comparative  Anatomy , 
Middlesex  Hospital  Medical  School.    (Plate  I  [I.) 

Section  I. 

Ik  a  previous  number  of  this  JourTial  ^  I  ventured  to  advance 
some  views  respecting  certain  ligaments  of  the  human  body. 
Since  that  essay  was  published  abundant  good  material  has  come 
to  hand  enabling  me  to  extend  the  investigation.  In  the  present 
paper  particular  attention  will  first  be  devoted  to  the  ligaments 
connected  with  the  clavicle,  scapula,  and  humerus,  in  order  to 
show  the  relation  they  bear  to  muscles,  and  to  strengthen  the 
theory  previously  enunciated,  that  "many  ligaments  are  the 
tendons  of  musdes  which  were  originally  in  relation  with  the 
joint,  but  the  parent  muscle  has  either  formed  new  attachments 
or  become  obsolete,  whilst  the  tendon  remains  as  a  passive 
element  in  the  articulation,"  the  above  statement  being  really 
the  text  of  the  present  commuoiction. 

Before  entering  into  details  concerning  individual  ligaments 
the  subject  of  metamorpfums  of  musdes  must  of  necessity  be 
inquired  into. 

Metam^yrphosis  of  Muscle, — Any  one  working  for  the  first  time 
at  the  myology  of  Amphibia  or  Beptilia  must  be  impressed  with 
the  small  amount  of  tendon  entering  into  the  structure  of  the 
muscles.  This  becomes  more  marked  when  the  muscular  system 
of  an  Amphibian  is  compared  with  one  of  the  higher  mammals. 
It  would  be  needless  to  particularise  any  muscle  or  group  of 
muscles  in  this  respect ;  the  fact  must  be  obvious  to  any  one  who 
has  devoted  any  attention  to  comparative  myology. 

Histologists  have  too  long  regarded  muscle  and  tendon  as 
distinct  structures.  More  than  one  anatomist  has  noted  how 
the  arrangement  of  the  fibres  in  tendons  strongly  recalls  those  of 
the  fasciculi  of  the  belly  of  a  muscle,  and  it  is  very  difficult,  in 
examining  the  termination  of  muscle  in  tendon,  to  say  how  the 
two  structures  are  joined,  or  by  what  means  the  union  is  brought 
about     Even  the  most  expert  histologists  fail  to  find  a  septum 
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between  the  carneous  and  ligamentous  portions  of  a  muscle,  the 
two  parts  becoming  so  insensibly  blended. 

The  position  of  tendons  has  an  important  bearing   on    this 
question: — As  a  rule  they   are  situated   at  the  extrenaities  of 
muscles  where  contractile  tissue  has  little  opportunity  of  exert- 
ing itself  advantageously,  e.g.^  the  long  tendon  of  the  biceps  at 
the  shoulder,  the  elongated  tendons  of   the   long  flexors    and 
extensors  of  the  fingers  and  toes.     If  a  tendon  develops  in  the 
centre  of  a  muscle,  as  in  the  digastricus  of  man,  it  is  usually  in 
a   situation  where  muscular  tissue   would  be  of   little  avail. 
Again,  when  a  muscle  is  so  circumstanced  that  its  contractile 
power  can  be  brought  into  play  throughout  its  whole  length,  it 
may  remain  muscular  in  structure  from  origin  to  termination, 
as  in  the  case  of  the  intrinsic  and   extrinsic  muscles  of  the 
tongue.     If  either  or  both  extremities  of  a  muscle  fail  to  act  to 
the  full  advantage,  the  very  reason  for  the  existence  of  such  a 
tissue  fades,  and  the  ends  degenerate  into  tendons  to  play  an 
important  part  nevertheless  as  passive  agents.     Physiologists 
agree  that  the  tissue  of  voluntary  muscle  is  to  be  regarded  as 
one  of  the  master-tissues  of  the  animal  body.     To  maintain  these 
highly   specialised  structures  in  good  condition   the   frequent 
exercise  of  their  function  is  necessary.     Parts  frequently  used 
are,  as  a  rule,  abundantly  supplied  with  blood,  for   healthy 
performance  of  function  depends  on  the  organ  being  adequately 
nourished.    If  these  premises  be  correct  then  the  conclusions 
which  must  necessarily  follow  are  these: — The  ends  of  certain 
muscles  are  badly  situated  to  exert  their  full  contractile  power, 
or  on  account  of  modification  in  the  creature's  habits,  portions 
of,  and  in  some  cases  whole  muscles  become  rarely  used  or 
Tended  inoperative.    Loss  of  function  leads  to  diminished  blood 
supply,  decrease  in  the  amount  of  nutrition  ends  in  degradation 
of  tissue.    The  converse  of  this  leads  to  hypertrophy.     The  ends 
of  muscles,  when  compared  with  the  central  portions,  are  passive- 
they  need  little  blood  supply,  and  become,  in  consequence,  meta" 
morphosed  into  tendons.    The  active  central  parts  are  often  called 
into  play,  are  well  nourished  and  increase  in  size  and  quality. 
A  very  good  illustration  of  this  presents  itself  in  the  biceps 
flexor  cubiti. 

If  the  muscle  to  which  the  tendon  belongs  is  one  frequently 
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exercised,  as  in  the  case  of  the  gastrocnemiuB  and  aoleus,  the 
attached  tendon  contains  a  very  large  amount  of  elastic  tissua 
If,  on  the  other  hand»  the  muscle  degenerates  from  disuse,  in  the 
morphological  sense  of  that  word,  the  amouat  of  elastic  tissue  is 
diminished  and  the  parts  take  on  the  character  of  fibrous  liga- 
ments. 

The  Six-banded  Armadillo  {Dasypus  sexeinettLs)  posseses  in  its 
hind-foot  some  admirable  examples  of  these  changes. 

The  arrangement  of  the  muscles  of  the  foot  in  this  creature 
has  attracted  the  attention  of  two  writers,  in  particular,  Mr  J.  C. 
Gallon  and  Professor  D.  J.  Cunningham.  The  last  named 
anatomist  has  entered  minutely  into  the  question  in  his  valuable 
research  into  the  "*  Anatomy  of  the  Mammalian  Foot "  contained 
in  The  ChaUenger  Reports,  part  xvi.  "Marsupialia."  With  regard 
to  the  foot  of  the  Six-banded  Armadillo  the  pith  of  the  matter 
runs  thus : — *'  The  foot  of  this  animal  is  of  peculiar  interest,  from 
the  fact  that,  except  in  the  case  of  the  hallux  and  minimus, 
the  intermediate  flexors  and  dorsal  abductors  have  undergone 
regression,  and  are  converted  into  fibrous  tissue,  so  that  the 
flexor  breves  and  dorsal  interossei  muscles  are  represented  by 
fibrous  bands,  the  reason  of  the  transformation  of  these  muscles 
being  due  no  doubt  to  the  manner  in  which  the  digits  are  bound 
together,  limiting  the  power  of  independent  movement.*' 

The  Professor  also  refers  to  Macalister's  observations  no 
DaggpuSyTeg^r^ing  the  first  and  fourth  dorsal  interossei  muscles. 
In  Professor  Cunningham's  specimen  these  muscles  were  repre- 
sented by  fibrous  bands,  in  Professor  Macalister's  specimen 
they  were  muscular  in  structure  as  usual  It  is  a  point  of 
great  interest,  therefore,  to  find  that  the  transformed  muscles  in 
some  cases  assume  their  original  condition. 

The  Linn,  Soc.  Trans,,  vol.  xxvL,  1868,  contains  two  papers  by 
Mr  J.  C.  Galton,  one  "On  the  Six-banded  Armadillo  "  the  other 
"  On  Oryderopus  capensis"  Both  communications  deal  with  the 
myology  of  the  fore  and  hind  limbs  of  these  creatures.  In 
the  memoir  on  Orycteropus,  certain  fibrous  bands  are  described 
in  the  sole  of  the  foot,  and  are  well  represented  in  the  figure 
accompanying  Galton's  paper.  These  fibrous  bands  Cunning- 
ham considers  as  the  representatives  of  certain  flexor  muscles 
missins;  in  the  sole  of  the  foot  of  this  animal. 
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These  facts,  of  which  the  briefest  outline  has  been  given, 
were  of  the  greatest  value  and  interest  to  me ;  and,  possessing 
a  Six-banded  Armadillo  in  store,  I  proceeded  to  verify  these 
observations.  In  the  specimen  examined,  the  flexor  brevis 
digitorum,  the  inner  portion  of  the  flexor  brevis  hallucis  and 
the  dorsal  interossei  were  definitely  represented  by  fibrous 
bands.  But  the  most  significant  fact  in  connection  with  the 
foot  remains  to  be  told ;  in  the  armadillo  the  plantaris  muscle, 
instead  of  being,  as  in  man  and  many  animals,  chiefly  repre- 
sented by  a  long,  thin,  and  straggling  tendon,  is  larger  than  the 
gastrocnemius.  The  muscle  arises  as  usual  from  the  back 
part  of  the  exterual  condyle  of  the  femur  (Mr  Galton  says 
internal  condyle,  but  this  is  surely  an  oversight),  it  then  ex- 
pands into  a  large  fleshy  belly  extending  the  whole  length  of  the 
calf;  at  the  heel  it  forms  a  tendon  which  glides  in  a  well- 
formed  groove  on  the  back  of  the  os  calcis,  and  spreads  out  as 
the  plantar  fascia,  slips  of  which  pass  to  the  hallux,  second,  and 
third  toes,  extending  even  to  the  terminal  phalanges.  By  this 
remarkable  arrangement  the  function  of  the  flexor  brevis  digi- 
torum is  abrogated  by  the  plantaris,  and  it  degenerates  into 
fibrous  tissue.  Professor  Cunningham  overlooks  this  fact  in 
connection  with  the  flexors,  simply  explaining  the  metamor- 
phosis on  the  ground  of  limited  movement  enjoyed  by  the 
digits.  This  uo  doubt  accounts  for  the  regression  of  the  dorsal 
abductors  satisfactorily  enough,  but  the  dwindling  of  the  flexor 
brevis  needs  some  such  explanation  as  is  suggested  above. 

Guided  by  these  facts,  we  must  regard  the  glistening  fibrous 
bands  which  extend  ventrally  and  dorsally  on  the  manus  of  the 
porpoise,  as  degenerate  representatives  of  the  flexors  and  ex- 
tensors of  the  digits  in  other  mammals. 

Mr  D'Arcy  Thompson,  in  vol.  xviii.  of  this  J<nimal,  draws 
attention  to  the  fact,  that  in  the  fore-arms  of  the  Mole  the  flexor 
sublimis  muscle  is  metamorphosed  into  a  powerful  ligament 
which  is  made  to  flex  the  digits,  in  virtue  of  the  peculiar 
rotatory  motion  given  to  the  humerus  by  the  teres  major 
and  pectoralis  major  muscles.  Dr  Dobson,  in  his  admir- 
able work  on  the  Insectivora,  gives  a  careful  and  detailed 
account,  with  figures  of  this  metamorphosed  muscle  in  Myogale, 

The  development  of  the  auriculo- ventricular  valves  of  the 
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heart  bears  testimouy  to  the  view  hero  advocated,  for  they  first 
appear  as  muscular  outgrowths  from  the  ventricular  walls, 
which  by  degrees  become  replaced  by  fibrous  andconuective  tissue. 

It  is  needless  to  multiply  examples.  Sufficient  facts  have  now 
been  adduced  from  independent  sources  to  show  that  tendinous 
and  fibrous  degeneration  of  voluntary  muscles  is  by  no  means 
uncommon. 

Dr  Gadow  very  concisely  sums  up  changes  in  muscles,  such 
as  those  described  above,  thus : — 

"Any  muscle  may  become  superfluous,  either  because  it  may 
be  put  out  of  action  by  a  given  position  of  the  limbs  becoming 
permanent,  or  because  the  work  hitherto  done  by  the  muscle 
can  be  better  done  by  neighbouring  muscles,  or  because  its 
special  activity  is  not  required  any  longer.  In  all  these  cases 
the  muscle  will  become  aborted,  and  will  either  form  an  acces- 
sory supporting  part  to  another  muscle,  or  it  may  become  con- 
verted into  an  aponeurosis,  and  finally  disappear  without  leaving 
any  trace  of  its  former  existence." — Journal  of  Anatomy  and 
Physiology^  xvL  509. 

Let  me  now  address  myself  to  the  task  of  showing  that  many 
of  the  ligaments  about  the  shoulder  arise  from  muscles. 

If  the  demonstration  be  commenced  by  discussing  those  points 
which  are  plain  and  self-evident,  proceeding  thence  to  consider 
those  which  are  more  intricate,  the  inferences  will  not  be  so 
likely  to  appear  as  though  overdrawn  or  far-fetched,  for  what 
is  true  in  the  simple  instance  will  appeal  with  almost  equal 
force  to  that  which  is  complex. 

The  CoracO'Brachialis, 

This  muscle  presents  itself  as  an  excellent  example  whereby 
to  illustrate  the  question.  Thanks  to  the  labours  of  Professor 
Wood,  the  history  and  constitution  of  this  muscle  have  been 
expounded  in  an  able  and  very  satisfactory  manner  in  the 
Journal  of  Anatomy,  vol.  i.,  1867,  where  it  is  conclusively  shown 
that  the  muscle  in  mammals  has  for  the  most  part  a  triple 
constitution.  Ordinarily  the  muscle  arises  from  the  tip  of  the 
coracoid  process  of  the  scapula  in  company  with  the  short  head 
of  the  biceps,  with  which  it  is  joined  for  some  distance.  The 
muscle  is  inserted  into  the  inner  border  of  the  humerus  near  its 
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middle,  between  the  origins  of  the  triceps  and  brachialis  anticns 
muscles.  Some  of  the  higher  fibres  are  attached  to  a  fibrous 
band  which  forms  an  arch  over  the  tendons  of  the  latissimus 
dorsi  and  teres  major  muscles,  the  fibrous  loop  extending  from  the 
coracoid  process  to  the  lesser  tuberosity  of  the  humerus.  Viewed 
in  the  light  afforded  by  a  study  of  the  variations  this  muscle 
is  subject  to  in  the  human  body,  and  information  gained  from 
comparative  myology,  the  coraco-brachialis  presents  three  parts. 

1.  The  portion  represented  by  the  fibrous  loop  may  develop 

as  a  distinct  muscle  attached  to  a  lesser  tuberosity  of  the 
humerus  and  known  as  the  rotator  humeri. 

2.  The  middle  portion  Is  the  coraco-hrachialis  of  ordinary 

human  anatomy. 

3.  The  third  piece  may  exist  as  a  muscular  belly  extending 

from  the  common  tendon  to  the  internal  condyle  of  the 
humerus.  It  is  rare  to  find  this  piece  fully  developed,  its 
situation  being  marked  out  by  the  fibrous  band  which 
commonly  extends  from  the  lower  part  of  the  muscle  to 
the  elbow,  and  is  familiar  as  the  internal  h^achial  ligament 
of  Struthers. 
Here,  then,  is  as  good  an  example  of  regression  of  muscle  as  is 

afforded  by  the  Armadillo,  the   fibrous  bands  now  and   then 

declaring  their  ancestry  by  persisting  as  muscles  either  wholly 

or  in  part. 

The  ligaments  at  the  shoulder-joint  will  now  be  considered, 

commencing  with  the 

GlenO'Rumeral  Band, 

Anatomists  have  long  been  aware  that  the  Frog  possesses  in  its 
shoulder-joint  a  ligament  very  much  resembling  the  ligamentum 
teres  in  the  hip-joint.  This  structure  is  often  represented  in  the 
shoulder-joint  of  man  by  an  accessory  band,  as  some  writers 
regard  it,known  as  the  gleno-humeral  ligament,  having  the  follow- 
ing attachments  : — Above  it  springs  from  the  edge  of  the  glenoid 
fossa  at  the  root  of  the  coracoid  process,  and  passes  downwards 
to  the  lesser  tuberosity  of  the  humerus.  It  runs  parallel  with 
the  long  tendon  of  the  biceps,  and  forms,  in  the  usual  condition 
of  the  parts,  a  distinct  bulging  into  the  joint,  separated  from  the 
synovial  cavity  by  the  thin  serous  membrane  only.    Occasion- 
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allj  the  ligament  h  completely  sarroaDded  by  the  synoTial 
membrane,  and  forms  as  prominent  a  structnre  in  the  joint  as 
does  the  biceps  tendon ;  indeed,  it  then  becomes  a  veritable  ligor 
merUuM  teres.     This  condition  seems,  according    to    my  own 
dissections,  far  more  f reqnent  in  the  foetus  than  in  the  adult 
I  have  also  met  with  it  in  the  conditionof  a  ligamentum  teres  in  the 
shoulder-joint  of  thecommon  Wombat  {PJuiscolamys  vfamh€U),\nthe 
Galago  (Gfalago  maholi),the  Opossum  (Didelphys  philander),  in  the 
Hedgehog  {Erinaceus  europea),  and  in  Chlamydophorus  truncatns 
Facts  will  now  be  adduced  to  show  that  in  all  probability  this 
gleno-hnmeral  ligament  is  the  tendon  of  insertion  of  the  mb- 
davitis    muscle.       The    interesting    amphibian,    Menobranchns 
IcUeraliSy  presents  about  the  shoulder  a  very  distinct  muscle, 
having    the     following    attachments :— It     arises    from     the 
ventral   surface  of  the  long  precoracoid  cartilage,  and  passes 
backward,    to    be   inserted  into   the    head  of    the   humerus, 
between     the    deltoid,    pectoralis    major,    and    supraspinatus 
muscles,  as  shown  in  fig.  1.    Mr  Mivart,  in  his  paper  on  the 
myology  of  this  creature,  identifies  this  muscle  as  the  svJbdavius. 
Whether  it  deserves  this  name,  or  that  of  epicoraeo^humtrcU,  is  a 
matter  of  little  moment,  but  its  situation  and  points  of  attach- 
ment are,  for  the  purposes  of  this  paper,  of  great  importance.    It 
seems  to  me  that  this  muscle  is  the  ancestor  of  the  subclavius  of 
mammalian  myology.    If  any  one  objects  to  the  propriety  of 
descending  so  low  in  the  scale  of  vertebrate  life  as  that  occupied 
by  menobranchns,  to  draw  conclusions  regarding  muscles  in  man, 
let  me  refer  him  to  a  statement  of  Professor  Humphry,  in  voL  vi. 
of  this  Journal,  where,  in  writing  on  the  myology  of  Crypto- 
branchvs  japonica,  he  draws  attention  to  the  probability  of  the 
remarkable  tendinous  inscription  in  the  semimembranosus  of 
man  being  homologous  with  a  similar  inscription  in  the  great 
flexor  and  adductor  muscle  of  the  leg  of  that  creature,  which 
corresponds  with  the  gracilis,  semitendinosus,  and  semimem- 
branosus of  mammals  (page  19). 

Let  the  shoulder-joint  of  a  pigeon  or  some  such  bird  be  next 
dissected. 

Arising  from  the  dorsal  portion  of  the  keel  and  median 
portions  of  the  body  of  the  sternum  is  a  broad,  flat  sheet  of 
muscle,  which  passes  forward  as  a  strong  tendon  through  the 
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bony  foramen  formed  hj  the  union  of  the  scapula,  coracoid,  and 
clavicle ;  emerging  from  this  osseous  ring  it  is  inserted  into  the 
dorsal  surface  of  the  head  of  the  humerus  in  the  immediate 
neighbourhood  of  the  attachment  of  the  pectoralis  major ;  the 
tendon,  after  traversing  the  foramen  triosseum,  lies  within  ifie 
capsule  of  the  joint  The  muscle  corresponding  to  this  descrip- 
tion enjoys  a  variety  of  names,  as  pectoralis  secundvs,  levator 
hvmteri,  and  subdavius.  Its  attachment,  appearance,  and  rela- 
tions are  shown  in  fig.  2.  The  Linn,  Trans,  for  1868,  voL  xxvi., 
is  enriched  by  a  paper  from  Prof.  Eolleston,  "On  the  Homologies 
of  Certain  Muscles  connected  with  the  Shoulder-joint/'  in  which 
it  is  most  conclusively  shown  that  the  muscle,  whose  main 
function  it  is  to  raise  the  wing,  is  homologous  with  the 
subclavius  and  not  with  the  pectoralis  minor  muscle. 

Turning  now  to  man  we  find  a  muscle  arising  from  the  costal 
cartilage  of  the  first  rib,  passing  thence  beneath  the  costo- 
coracoid  membrane,  but  above  the  coracoid  process  of  the 
scapula,  to  be  finally  inserted  in  the  ordinary  course  into  the 
under  surface  of  the  clavicle  near  the  acromial  end,  in  contact 
with  the  attachment  of  some  strong  fibrous  bands  known  as  the 
coraco-clavicular  liganients ;  this  muscle  is  the  subclavius. 

The  point  of  insertion  occasionally  varies,  the  muscle  ending 
in  the  coracoid  process  near  its  base,  instead  of  going  to  the 
clavicle,  the  variation  being  one  recognised  in  human  anatomy. 
This  unusual  arrangement  afifords  the  key,  as  these  variations 
often  do,  whereby  the  morphologist  may  receive  direction  and 
guidance  in  his  interpretations.  The  explanation  runs  thus : — 
The  coraco-clavicular  ligaments  (conoid  and  trapezoid)  are 
degenerate  fibres  of  the  subclavius,  and  they  form  the  bridge  or 
connecting  link  by  which  the  subclavius  muscle  and  the  gleno- 
humeral  ligament  become  continuous.  A  little  dissection, 
especially  in  foetuses,  often  shows  that  this  gleno-humeral  band 
is  continuous  with  the  coraco-clavicular  ligaments,  and  as  the 
muscle  is  in  intimate  relation  with  these  bonds,  the  inference  is 
clear  that  the  gleno-huvieral  ligatiient  is  the  divorced  tendon  of  the 
siilclavivs  muscle.  Fig.  3  shows  the  muscles  and  ligaments  in 
the  relation  they  bear  to  each  other  normally. 

In  the  shoulder-joint  of  two  young  crocodilians  {CrocodUus 
a^Uus  and  Alligator    missisipiensis)  I  found  a  well-marked 
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ligamentom  teres  lying  inside  the  capsule.    It  arose  from  the 
scapula  anterior  to  the  glenoid  fossa,  and  was  attached  to  the 
head  of  the  bone  near  the  anterior  tuberosity.    This  band  was 
strong  and  unconnected  with  any  muscle.    Its  existence  is  note- 
worthy in  an  animal  lacking  a  clavicle  and  any  representative 
ot  a  precoracoid. 

Before  closing  the  evidence  bearing  on  the  relation  of  tiie 
subclavius  to  the  gleno-humeral  ligament,  it  is  absolutely  neces- 
sary to  dispose  of  another  band  lying  in  relation  with  the  capsule 
of  the  shoulder-joint  known  as  the  coraco-humeral  ligament 
This  presents  little  difficulty. 

The  coraco-humeral  band  springs  from  the  coracoid,  having  an 
attachment  from  the  base  to  near  the  tip  of  that  process;  passing 
thence  over  the  capsule,  it  is  inserted  into  the  outer  tuberosity 
of  the  humerus. 

The  pectoralis  minor  muscle,  as  a  rule,  finds  an  attachment 
to  the  upper  border  of  the  coracoid  process,  but  now  and  then 
it  glides  as  a  tendon  over  this  bony  prominence  to  blend  with 
the  capsule  of  the  joint,  or  ends  in  a  tendon  to  be  attached  to 
the  great  tuberosity  of  the  humerus. 

Fig.  4  represents  this  condition  as  seen  in  the  Capuchin  (Cdnu 
(Jbi/rons),  In  very  many  of  other  monkeys  it  is  the  normal 
conditions.  Professor  Macalister,  in  an  interesting  paper  in  this 
Journal,  voL  L,  1867,  entitled  "  Notes  on  an  Instance  of  Irr^gu* 
larity  of  the  Muscles  around  the  Shoulder-joint,"  reviews 
several  recorded  instances  of  this  abnormal  arrangement  of  the 
pectoralis  minor,  and  hints  that  the  gleno-humeral  ligament 
belongs  to  this  muscle ;  but  this  view  of  the  matter  is  invali- 
dated on  two  points.  Firstly,  the  pectoralis  tendon  when  it 
takes  this  unusual  course  lies  outside  the  capsule,  whereas  tbe 
gleno-humeral  ligament  lies  within  it.  Secondly,  it  cannot  be 
the  homologue  of  the  tendon  of  the  levator  humeri  of  birds,  as 
PK>fessor  Macalister  makes  out,  for  Solleston  has  shown  so 
satisfactorily  that  the  pectoralis  minor  of  man  is  not  the  homo- 
logue of  the  avian  levator  humeri,  that  a  recent  text-book  of 
Zootomy  calls  the  muscle  that  raises  the  bird's  humerus,  sub- 
clavius. The  relations  of  the  pectoralis  minor  to  the  capsule 
in  man  and  in  monkeys  lead  me  to  believe  that  the  coraco- 
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humeral  ligament  is  the  tendon  of  that  muscle  metamorphosed 
into  a  fibrous  band. 


The  Rhoniboid  Ligament, 

Having  disposed  of  the  outer  end  of  the  subclavius  muscle, 
some  attention  must  now  be  devoted  to  the  inner  portion  in 
order  to  study  the  relation  it  bears  to  the  band  of  fibrous  tissue 
which  unites  the  first  costal  cartilage  to  the  clavicle,  called,  on 
account  of  its  shape,  the  rhomboid  ligament.  It  is  in  the 
opossums  that  the  key-note  is  struck  whereby  we  may  seek  to 
unravel  the  history  or  pedigree  of  this  apparently  wayside 
structure. 

Whilst  dissecting  the  muscles  about  the  shoulder  of  the  Opos- 
sum (Didelphys  philander)^  it  was  observed  that  the  usual 
situation  of  the  rhomboid  ligament  was  replaced  by  a  muscle, 
which  arose  from  the  costal  cartilage  of  the  first  rib,  and  was 
inserted  into  the  under  surface  of  the  clavicle. 

The  relations  of  clavicle  and  sternum  in  Didelphys  are  some- 
what complicated,  but  are  full  of  interest,  as  they  probably 
explain  the  degenerated  condition  of  this  muscle  in  the  higher 
mammals. 

Fig.  5  is  intended  to  represent  the  upper  part  of  the  sternum, 
and  the  costal  cartilages  in  relation  with  it  and  the  clavicles,  which, 
instead  of  abutting  on  the  sternum  through  the  intervention  of 
an  interarticular  Gbro-cartilage,  are  connected  therewith  by  two 
ossicles  which  replace  the  discs  in  question,  these  ossicles  in 
their  turn  are  attached  to  the  top  of  the  sternum  by  ligaments, 
synovial  cavities  being  developed  between  each  of  these  bones 
and  the  top  of  the  sternum,  also  between  these  bones  and 
the  inner  end  of  the  clavicle.  Briefly  it  amounts  to  this, 
the  interarticular  fibro-cartilages  of  man's  sterno-clavicular  joint 
are  represented  in  this  animal  by  bones,  the  number  of  synovial 
cavities  remaining  the  same. 

The  clavicle  in  the  opossum  by  this  arrangement  is  able  to 
move  freely  on  this  intercalated  ossicle  (omostemum,  Parker), 
aided  by  the  subclavius  and  the  muscle  described  above,  which 
I  propose  to  term  the  costchdavictUar,  in  reference  to  its  points 
of  attachments. 
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P^issing  upwards  to  man,  the  office  of  the  ooeto-clayicnlar 
moflcle  becomes  abolished,  and  its  fibres  become  represented  as 
a  ligament  In  many  animals  where  this  composite  condition 
of  the  clavicle  does  not  exist,  the  subclavius  arises  from  the  side 
of  the  sternum  and  fills  up  the  space  between  the  costal  carti- 
lage and  the  clavicle,  and  it  is  on  this  ground  that  the  costo- 
clavicular muscle  is  to  be  regarded  as  a  segment  of  the  sub- 
clavius, therefore  the  rhomboid  ligament  has  the  same  origin, 
and  is  to  be  regarded  as  a  segment  of  the  inner  end  of  the  same 
muscle.  If  some  anatomists  should  consider  that  the  costo- 
clavicular muscle  is  rather  a  representative  of  the  upper 
segment  of  a  rectvs  stemalis,  which  in  the  opossum  is  well 
developed,  but  ends  definitely  at  the  lower  border  of  the  first 
rib,  it  will  be  well  to  remember  that  Professor  RoUeston  was 
well  aware  that  the  subclavius  does  in  some  cases  borrow 
elements  from  that  muscle,  so  that  if  the  ligament  in  question 
arises  from  regression  of  the  upper  end  of  a  rectus  sternalis,  it 
will  invalidate  but  little  the  argument  here  set  forth. 

Viewed  in  the  full  bearings  of  this  speculation,  the  history  of 
the  subclavius  is  as  instructive  as  a  muscle  could  well  be.  It  is 
advisable,  therefore,  briefly  to  summarise  the  conditions.  Com- 
mencing with  the  menobranchus,  we  see  it  as  a  muscle  arising 
from  the  precoracoid,  and  at  its  insertion  enveloping  the  outer 
aspect  of  the  head  of  the  humerus,  being  of  muscular  structure 
throughout. 

Next  we  see  it  luxuriating  in  fullest  perfection  in  flying  birds, 
its  distal  end  metamorphosed  into  tendon,  the'muscle  performing 
the  laborious  and  important  function  of  raising  the  wing. 

Lastly,  in  man  it  becomes  reduced  to  almost  insignificant 
proportions,  lying  as  a  small  second-rate  muscle  under  the 
clavicle,  and  representing  in  its  retirement  the  middle  portion 
only  of  the  bird's  levator  huTiieri,  its  proximal  end  degenerated 
into  a  uniting  bond  to  connect  the  clavicle  with  the  first  costal 
cartilage,  whilst  its  outer  end  is  represented  by  the  coraco- 
clavicular  ligaments,  and  the  small  insignificant  .band,  so  far  as 
function  is  concerned,  known  as  the  gleno-humeral  ligament. 
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The  CoracO'-Acromial  Ligament. 

ArisiDg  from  the  outer  border  of  the  coracoid  process  of  man's 
scapula,  and  passing  over  the  head  of  the  humerus  to  be 
attached  to  the  under  surface  of  the  tip  of  the  acromion,  is  a 
strong  band  of  ligamentous  fibres  one-fourth  of  an  inch  broad 
on  an  average. 

This  band  is  commonly  known  as  the  coraco-acromial  ligament, 
and  the  office  usually  ascribed  to  it  is,  that  it  limits  undue 
movement  of  the  head  of  the  humerus  upwards,  thereby  pre- 
venting dislocation  of  that  bone. 

Whether  this  be  so  or  no,  I  do  not  intend  to  argue,  but  Mr 
St  Geo.  Mivart,  in  his  work  on  Mementary  Comparative  Anatomy, 
draws  attention  to  the  fact  that  this  band  of  fibrous  tissue  is  the 
representative  in  man  and  many  animals  of  the  curious  hoop-like 
prolongation  of  the  acromion  which  arches  downwards  to  join 
with  the  coracoid  process  of  the  scapula  in  the  Two-toed  Sloth. 
Therefore  it  seems  to  be  of  greater  morphological  significance 
than  of  functional  value. 


The  Transverse  Ligament. 

The  ligament  which  converts  the  small  suprascapular  notch 
into  a  foramen  for  the  transmission  of  the  nerve  of  that 
name  is  of  interest,  for  it  probably  arises  in  two  different 
ways. 

1.  It  may  be  regarded  as  some  of  the  fibres  of  the  supra- 
spinatus  muscle,  which  have  become  converted  into  fibrous  tissue. 
This  view  of  its  nature  is  supported  by  the  condition  of  the  parts 
in  the  porpoise. 

2.  It  is  well  known  that  in  the  sloths  the  foramen  is  com- 
pletely surrounded  by  bone,  as  sometimes  occurs  in  man. 

In  a  young  Ant-eater  {Myrm^cophaga  jvbata)  I  had  an  oppor- 
tunity of  examining,  the  foramen  was  composed  in  part  by  the 
body  of  the  scapula  and  completed  by  the  coracoid  process, 
thus  affording  an  interesting  example  in  the  limbs  of  a  passage 
of  a  nerve  between  two  centres  of  ossification,  a  condition 
almost  constant  in  the  skull.    Therefore  I  am  disposed  to  the 
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view  that  the  transverse  ligament  is  the  fibrous  representative 
of  this  bony  bri  dge  constant  in  sloths,  and  that  the  occasional 
occorrence  of  a  complete  osseous  foramen  in  this  sitnettion  is  not 
to  be  regarded  as  an  ossification  of  the  transverse  ligament,  bat 
as  a  reversion  to  a  former  condition. 

This  view  receives  some  support  from  the  supracondyloid 
foramen  in  the  humerus  of  many  animals.  In  the  lion,  at  birth 
the  foramen  is  formed  in  its  upper  part  by  a  bony  outgrowth 
from  the  humeral  shaft,  the  lower  half  is  completed  by  an 
osseous  projection  from  the  lower  end  of  the  humerus  below  the 
epiphysial  line,  the  two  projecting  arms  forming  by  their  union 
the  foramen  in  question  (fig.  6).  In  man,  the  most  frequent 
condition  of  this  foramen,  when  it  exists,  is  to  have  the  upper 
part  of  the  ring  formed  of  an  osseous  outgrowth  of  the 
shaft  of  the  humerus,  and  known  as  the  supracondyloid  pro- 
cess, the  lower  part  of  the  ring  being  completed  by  a  band 
of  fibrous  tissue  extending  to  the  internal  condyle,  and  often 
affording  attachment  to  the  pronator  radii  teres  muscle 
(fig.  7).  This  foramen,  and  that  at  the  upper  border  of  the 
scapula,  seem  to  be,  so  far  as  their  mode  of  formation  is  con- 
cerned, exactly  parallel,  the  ring  sometimes  existing  as  bone, 
at  other  times  part  of  the  osseous  material  being  replaced  by 
ligament. 

It  is  by  no  means  a  novel  suggestion,  that  osseous  parts  in  one 
animal  may  be  represented  by  fibrous  tissue  in  another.  Pro- 
fessor Humphry,  writing  on  the  "  Myology  of  the  Limbs  of  Unau, 
the  Ai,  the  Two-toed  Ant-eater  and  the  Pangolin,"  in  thifi 
JouTTud,  vol.  iv.,  1870,  writes : — "  The  gradations  of  the  clavicle 
in  the  four  creatures  are  curious.  In  manis  it  is  absent ;  in  ai 
it  is  a  mere  scale  attached  to  the  inner  edge  of  the  coracoid, 
which  is  large,  and  projects  forwards  to  the  inner  end  of  the 
acromion.  A  long  ligament  the  remnant  of  the  structures  of 
which  its  proximal  end  was  originally  composed,  connects  its 
inner  end  with  the  sternum.  In  Unau  the  clavicle  is  articulated 
externally  with  the  acromion,  which  remains  continuous  with 
the  coracoid,  and  is  much  longer ;  still  it  does  not  quite  reach 
the  sternum,  a  strong  ligament  the  degenerated  omostemum  of 
Parker  connecting  it  with  the  sternum." 
These  examples  afford  conclusive  evidence  of  bony  parts  being 
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represented  by  ligament ;  other  cases  readily  suggest  themselves 
to  the  mind  of  the  comparative  anatomist. 

Briefly,  the  antecedents  of  the  ligaments  about  or  near  the 
shoulder-joint  may  be  summarised  thus : — 

1.  The  lower  portion  of  the  coraco-brachialis  muscle  is 
responsible  for  the  internal  brachial  ligament  of  Struthers. 

2.  The  Jibrous  loop  passing  from  the  coracoid  to  lesser  tuber- 
osity of  the  humerus,  arching  over  the  tendons  of  the  latissimus 
dorsi  and  teres  major  muscle,  represents  Wood's  rotaior  humeri. 

3.  The  gleno-humeral  ligament  is  the  divorced  tendon  of  the 
subdavius  muscle. 

4.  The  coraco-humeral  band  represents  the  original  insertion 
of  the  pectoralis  minor  muscle. 

4.  The  rhomboid,  conoid,  and  trapezoid  ligaments  arise  by 
regression  of  the  muscvlar  fibres  of  the  svbdavius, 

6.  The  transverse  ligament  of  the  scapula  is  formed  either  by 
metamorphosis  of  fasciculi  of  the  supraspinattis  muscle,  or 
represents  the  bony  bridge  constant  in  sloths,  and  occurring  as  a 

I  variation  in  man. 

7.  The  coracO'Ocromial  band  represents  the  bony  loop  which 
connects  the  two  processes  in  the  Two-toed  Sloth  (Mivart). 

8.  The  interclavicular  ligament,  the  interarticular  fibro^arti- 
I                     lages  at  the  sternal  and  acromial  ends  of  the  clavicle  represent 

aborted  bony  segments  belonging  to  the  pectoral  girdle  (see 
Parker's  ShauMer-Oirdle  and  Sternum), 

9.  The  ligamentous  band  extending  from  the  tip  of  the  coracoid 
process  to  the  costal  cartilage  of  the  first  rib,  occupying  the  free 
edge  of  the  costo-coracoid  membrane,  is  the  fibrous  representa- 
tive of  the  long  coracoid  of  birds  and  monotremes  (Gegenbaur 
and  Bolleston)  (fig.  3). 

10.  The  fibrous  loop  running  from  the  tip  of  the  supra- 
condyloid  process  of  the  humerus  (when  present),  represents  the 
lower  bony  part  of  the  foramen  as  it  exists  in  many  other 
animals. 
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Section  IL 

Hu  Migration  of  Muscles  and  its  JSdation  to  Ligaments. 

The  term  **  migration  of  muscles  "  may  be  defined  as : — ^The 
changing  of  the  situation  of  a  muscle  by  alteration  of  its  origin 
or  insertion. 

Dr  Hans  Gradow^  in  an  interesting  paper  on  "Comparative 
Myology,*'  in  voL  xvi.,  1882,  of  this  Journal,  gives  some 
examples  of  the  process,  and  states  that  as  a  rule  the  origin  is 
more  subject  to  variation  than  the  insertion  of  a  muscla  My 
own  obeervations  lead  me  to  concur  with  this  statement 

Dr  Gadow  chooses  for  illustration  the  ambiens  muscla  In 
alligators  this  muscle  arises  from  the  anterior  superior  spine  of 
the  ilium,  but  in  Hatteria  (sphenodon)  and  in  Testudo,  from  the 
processus  lateralis  pubis.  In  Monitor,  Lacerta,  and  others,  from 
the  inner  and  ventral  aspect  of  the  preacetabular  part  of  the 
ilium,  close  to  the  acetabulum.  While  in  other  Saurians,  as 
Iguana  and  Chameleon,  its  origin  has  passed  over  to  the 
acetabular  part  of  the  os  pubis. 

But  by  far  the  most  important  contribution  to  our  knowledge 
in  this  respect  is  afforded  by  Dr  Suge  of  Heidelberg  in  an 
admirable  paper  entitled  "  Untersuchung  iiber  die  Extensoren- 
gruppe  am  Unterschenkel  und  Fiisse  der  Saligethiere  "  published 
in  the  Morph.  Jahrbuch  for  1878. 

Here  Dr  Buge  satisfactorily  traces  out  the  history  and  ancestry 
of  the  extensor  brevis  digitorum  muscle.  He  shows  that  in  the 
Monotremata  this  muscle  belongs  to  the  peroneal  group,  and 
arises  entirely  from  the  Qbula.  Ascending  the  scale  of  mam- 
malian forms  we  find  the  muscle  passing  down  tendon  by  tendon 
until  it  reaches  the  condition  presented  in  the  foot  of  man. 

Having  recently  enjoyed  the  opportunity  of  dissecting  a 
Koala  {Phascolardos  cinereus),  in  which  animal  the  muscle  in 
question  presents  an  intermediate  condition  of  this  interesting 
process ;  it  will  be  well  to  describe  it  by  way  of  illustration. 
Reference  to  fig.  8  will  show  the  extensor  longus  digitorum 
arising  from  the  external  tuberosity  of  the  tibia  and  the  head  of 
the  fibula  to  be  inserted  as  usual  into  the  four  outer  digits. 
Tlie  extensor  brevis  digitorum  is  seen  as  a  tiny  muscular  slip  aris- 
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ing  from  the  outer  aspect  of  the  os  calcis,  then  dividing  into  two 
tendons  to  be  attached  to  the  long  extensors  destined  for  the 
syndactyle  second  and  third  digits.  The  remaining  portions  of 
the  short  extensor  arise  as  separate  muscles  from  the  head  and 
outer  surface  of  the  shaft  of  the  fibula,  being  limited  to  the  upper 
third.  Thej  degenerate  into  delicate  tendons  to  pass  with  the 
peronei  muscles  behind  the  external  malleolus,  to  be  distributed 
to  the  fourth  and  fifth  digits.  These  two  muscles  are  usually 
referred  to  as  peroneus  quarti  metatarsi  and  peroneus  quirUi 
metatarsi.  It  seems  to  me  that  one  of  the  great  points  in  Buge's 
investigation  is  that  it  shows  clearly  that  the  fourth  and  fifth 
peronei  muscles,  thought  to  be  absent  in  man,  have  really 
descended  from  the  fibula,  and  help  to  make  up  his  extensor 
brevis  digitorum.  Man's  peroneus  tertius  is  a  muscle  ahnost, 
if  not  exclusively,  human,  and  is  to  be  regarded  as  that  portion 
of  the  extensor  brevis  which  belongs  to  the  fifth  toe,  but,  contrary 
to  its  companions,  has  not  descended  on  to  the  dorsum  of  the  foot. 
Its  origin  from  the  anterior  surface  of  the  fibula  does  not 
negative  this  conclusion,  for  Buge  points  out  that  the  peronei  in 
Monotremata  arise  from  the  anterior  surface  of  the  fibula,  but  in 
the  opossums  they  have  wandered  to  the  outer  side. 

Dr  Cunningham  has  discussed  these  relations  very  fully  in 
his  Report  on  the  Marsupialia,  and  substantiates  them  by 
his  own  dissections  so  far  as  relates  to  Thylacinus  and  to 
Cuscus.  In  the  first-named  animal  the  extensor  brevis  digitorum 
arises  from  the  fibula ;  in  the  cuscus  the  part  belonging  to  the 
medius  and  index  has  reached  the  dorsum  of  the  foot,  whilst  that 
portion  belonging  to  the  two  outer  digits  still  shows  a  fibular 
origin,  thus  repeating  the  condition  seen  in  the  koala. 

Whilst  engaged  dissecting  a  Koala  and  an  Armadillo  {Dasypus 
sexcincttts),  in  order  to  verify  some  of  these  arrangements  for  my 
own  satisfaction,  I  was  led  to  observe  an  additional  example  of 
migration. 

In  both  these  animals  the  tibialis  posticus  muscle  is  described  as 
being  double.  Wood,  Cunningham,  and  Galton  found  the  same 
thing  in  the  example  of  B.  sexdnctus  dissected  by  each  of  them. 
Young  describes  the  duplicity  of  this  muscle  in  the  Koalas  be 
dissected.  In  my  specimens  two  muscles  arose  from  the 
posterior  surface  of  the  shaft  of  the  tibia,  and  partly  from  the 
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fikla.  The  Inneir  one,  lauch  the  larger,  was  attached  to  the 
upper  two-thirdB  of  tbe  tibia,  and  partly  to  the  head  of  the  fibula, 
then  becoming  tendinous  passed  behind  the  internal  malleolas  to 
be  attached  to  tbe  inner  side  of  the  base  of  the  first  phalanx  of 
the  hallux,  baving  a  very  large  sesamoid  bone  developed  in  the 
\  tendon  wbere  it  passed  along  the  inner  side  of  the  scaphoid  bone 

t%.  9). 

The  second  muscle,  much  smaller,  arose  from  the  posterior 
surface  of  the  tibia  and  fibula  near  their  heads,  formed  a  thin 
tendon  wbieb  passed  in  a  groove  behind  the  internal  malleolus, 
external  to  tbe  foregoing  muscle,  and  finally  was  inserted  into 
the  scaphoid  bone. 

The  only  difference  in  the  two  animals  was  this :  in  the  Koala 
the  sesamoid  was  very  much  larger  than  in  the  Armadillo.  The 
two  animals  agree  in  this  respect,  that  neither  possessed  an 
abdiustor  hallvcis  muacle. 

In  Galton's  specimen  the  abductor  hallucis  was  not  clearly  or 
distinctly  defined,  and  the  muscle  figured  by  Cunningham  is 
not  only  a  small  and  insignificant  structure  as  compared  with 
mammals  generally,  but  does  not  quite  agree  with  the  abductor 
hallucis  in  its  mode  of  origin. 

It  seems  to  me  that  this  so-called  double  tibialis  posticus 
either  represents  by  its  inner  portion  an  abductor  hallucis  aris- 
ing from  the  tibia,  or  else  it  abrogates  the  function  of  the  short 
muscle  usually  bearing  that  name. 

It  is  noteworthy  in  this  respect,  that  in  my  Koala  there  was 
no  short  abductor  to  the  hallux,  and  in  Professor  Cunningham's 
figures  the  muscle  is  represented  as  arising  from  the  large  ossicle 
on  the  inner  side  of  the  scaphoid.  Certainly  this  does  not 
correspond  with  the  abductor  hallucis  as  it  is  usually  seen! 
Hence  it  would  be  more  in  accord  with  these  facts,  aided  by  the 
light  of  Buge's  observations  on  the  short  extensor,  to  consider 
that  the  abductor  hallucis  in  these  animals  arises  from  the 
posterior  surface  of  the  shaft  of  the  tibia,  winds  behind  the 
internal  malleolus,  then  develops  a  sesamoid  bone  in  its  tendon, 
where  it  plays  over  the  scaphoid,  and  is  inserted  into  the  first 
phalanx  of  the  hallux,  the  sesamoid  bone  often  affording 
attachment  to  a  slip  of  the  flexor  brevis  hallucis,  which  thus 
nvitUates  a  short  abductor  hdllucis. 
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There  are  yet  other  reasons  for  believing  that  the  abductor 
hallucis  is  an  "  emigrant "  muscle,  as  it  exists  in  the  sole  of  the 
foot  of  man.  In  the  hand  it  is  the  normal  condition  for  the 
abductor  poUicis  to  arise  from  the  lidge  on  the  trapezium,  and 
the  annular  ligament  passing  thence  to  be  inserted  into  the 
radial  side  of  the  base  of  the  first  phalanx  of  the  pollex.  Often 
the  muscle  in  question  deviates  from  this  arrangement  by  taking 
origin  in  part  from  some  one  tendon  or  other  about  the  wrist. 
Frequently  it  is  connected  with  the  extensor  ossis  metacarpi  pol- 
licis,  occasionally  with  the  palmaris  longus,  and  it  has  even  been 
seen  arising  from  the  styloid  process  of  the  radius.  Dr  Dobson 
points  out  that  in  the  Mole  the  palmaris  longus  sends  a  slip  to 
the  pollex.  When  the  muscle  contracts  the  pollex  is  abducted 
by  virtue  of  this  arrangement.  In  this  aspect  it  seems  to  be 
fairly  obvious  that  this  muscle  has,  at  some  time  or  other, 
wandered  from  an  original  attachment  to  the  bones  of  the  fore- 
arm to  its  present  position  on  the  carpus. 

There  is  little  doubt  that  the  abductor  pollicis  and  abductor 
hallucis  are  homologous,  and  it  is  interesting  to  find  both  muscles 
offering  evidence  of  a  change  of  origin  from  a  proximal  to  a  distal 
segment  of  the  limb.  If  this  way  of  regarding  these  muscles 
be  correct,  the  radial  head  of  the  flexor  brevis  pollicis  and  the 
tibial  portion  of  the  flexor  brevis  hallucis  must  be  looked  upon 
as  the  abductores  in  the  intrinsic  mechanism  of  manus  and 
pes  respectively. 

Before  leaving  the  Koala  there  is  just  one  point  more  in  the 
anatomy  of  its  hind-limb  which  has  a  very  important  bearing. 
Wedged  in  between  the  lower  end  of  the  fibula  and  the  astra- 
galus is  a  fibro-cartilaginous  disc,  one  end  of  which,  becoming 
gradually  thinner,  mei^ges  into  the  lower  end  of  the  peroneo- 
tibial muscle,  which  in  this  animal  replaces  the  interosseus 
membrane,  and  forms  a  well-developed  muscle,  exceeding  in 
this  respect  the  corresponding  muscle  in  the  Wombat  (fig.  8). 

In  several  animals  I  have  had  the  opportunity  of  dissecting, 
notably  the  Great  Ant-eater  (Myrmecophagajuhata),  the  popliteus 
muscle  is  continuous  with,  by  means  of  its  tendon,  the  external 
semilunar  fibro-cartilage  of  the  knee-joint,  and  in  the  bull  frog 
the  semi-membranosus  muscle  is,  in  the  same  way,  in  direct 
continuity  with  the  internal  disc.    For  a  long  time  the  opinion 
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was  in  my  own  inind,  that  these  discs  had  some  other  signifi- 
cance, bnt  by  the  indications  afforded  by  the  disc  in  the  ankle- 
joint  of  the  koala,  it  will  probably  turn  out  that  they  have  a 
muscular  origin  also.  Among  other  examples  of  *"  migrations  '* 
of  muscles,  the  peroneus  longus,  tibialis  anticus,  and  extensor 
longQs  digitorum  must  be  cited  as  clear  and  indisputable  cases. 

In  my  previous  paper  it  was  pointed  out  that  the  external 
lateral  ligament  of  the  knee-joint  is  formed  by  the  peroneus  longus 
muscle  acquiring  a  new  attachment  to  the  fibula,  its  original 
point  of  fixation  being  the  femur,  and  subsequent  observatious 
support  that  view  strongly.  The  tibialis  anticus  muscle  in  man 
and  the  majority  of  animals  arises  from  the  tibia,  but  in  the 
horse  among  mammals,  and  the  ostrich  among  birds,  this  large 
and  important  muscle  springs  by  a  strong  and  powerful  tendon 
from  the  external  condyle  of  the  femur  (fig.  10).  The  extensor 
longua  digitorum  in  very  many  animals,  even  in  some  of  the 
anthropoid  apes,  such  as  the  Orang,  arises  from  the  femur  in- 
stead of  limiting  itself  to  the  bones  below  the  knee,  as  in  man. 
In  the  Ostrich  and  other  birds  it  arises  from  the  femur  (fig  10). 

Not  to  multiply  instances,  these  three  muscles  illustrate  in  a 
positive  manner  that  muscles  are  exceedingly  prone  to  migrate 
particularly  with  regard  to  their  origin.    This  interesting  process 
of  the  shifting  of  muscles  from  one  attachment  to  another  affords 
evidence  of  an  additional  mode  by  which  muscles,  or  parts  of 
muscles,  may  become  converted  into  ligaments.    In  this  way  it 
seems  to  me  that  the  ligaments  about  the  ankle-joint  have  been 
formed,  that  many,  certainly  the  more  important,  muscles  about 
the  sole  of  the  foot,  have  had,  at  some  time  or  other,  an  origin 
from  the  bones  of  the  leg,  and  that  in  the  progress  of  "  slipping 
down,''  a  part  of  their  tissue  has  been  utilised  to  form  liga- 
mentous  bands,   which    later    become  developed  as  indepen- 
dent structures,  and  in  the  clear  light  afforded  by  comparative 
anatomy  we  can  I'ead  the  history  of  the  formation  of  some  of 
these  ligaments  as  distinctly  as  any  process  written  in  the 
"  book  of  nature." 

With  regard  to  some  structures  in  the  lower  limbs  of  a  more  or 
less  ligamentous  nature,  their  ancestry  may  be  arranged  thus : — 
1.  The  flantar  fascia  results   from  the  modification  of  the 
distal  and  of  the  plantaris  mtcsde. 
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2.  The  palTmar  fasda  represents  tendons  of  the  palmaris 
longvs  which  used  to  go  to  the  digits.  (This  example  is  placed 
here  for  comparison.) 

3.  The  posterior  ligament  of  the  superior  tibio-fibular  articu- 
lation results  from  the  regression  of  the  rotator  fibuUe  muscle. 

4.  The  transverse  ligament  of  the  inferior  tibio-fibular  articu- 
lation represents  the  lower  end  of  the  peroneo-tibial  muscle. 
The  posterior  fasciculvs  of  the  external  lateral  ligament  of  the 
ankle-joint  probably  has  a  similar  origin. 

6.  The  anterior  and  middle  fasciciUi  of  the  external  lateral 
ligament  of  the  ankle-joint  are  probably  derived  from  the  extensor 
brevis  digitorum  as  it  slipped  from  the  fibula  on  to  the  dorsum 
of  the  foot. 

6.  The  internal  lateral  ligament  of  the  ankle-joint  in  all  pro- 
bability has  its  origin  from  some  of  the  short  flexor  muscles  of 
the  sole  of  the  foot^  such  as  the  abductor  hallucis  ox  flexor  hrevis 
digitorum  muscles  when  they  migrated  from  the  leg  to  their 
later  situation  in  the  plantar  region. 

TTie  Inferior  Calcaneo-Scaphoid  or  Spring  Zigam^ent. 

In  the  hind-limb  of  a  Frog  most  of  us  are  aware  that  the  astra- 
galus and  OS  calcis  present  the  anomalous  condition  of  long 
bones,  and,  lying  side  by  side,  recall  in  a  marked  degree  the 
relations  of  the  radius  and  ulna  to  one  another  as  seen  in  man. 

Fig.  11  represents  the  os  calcis,  astragalus,  the  remaining 
portion  of  the  tarsus  with  the  five  metatarsals,  and  the  additional 
ossicles  found  on  the  inner  side  of  the  foot  of  the  Frog.  The 
specimen  from  which  the  drawing  was  made  was  a  Bull-frog,  and 
the  parts  are  represented  of  natural  size. 

Arising  from  the  under  surface  of  the  os  calcis  and  astragalus 
is  a  well-developed  muscle.  It  ends  in  a  strong  tendon,  which 
passes  over  the  tarsus  to  be  inserted  chiefly  into  the  bases  of  the 
first  and  second  metatarsal  bones.  This  muscle  I  shall  term 
calcaneO'Toetatarsal.  More  than  once  I  refused  to  allow  myself 
to  believe  that  this  muscle  was  the  "ancestor"  of  the  spring 
ligartient,  and  possibly  also  of  the  calcaneo-astragaloid  ligament 
in  the  foot  of  man.  Morphologists,  as  a  rule,  consider  the 
wonderfully  rich  muscular  system  of  the  Frog  too  specialised 
for  enabling  conclusions  to  be  drawn  respecting  man.    Let  us 
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consider  awhile.  In  the  group  of  lemurs  are  placed  two  curious 
forms,  Tarsius  and  Galago,  whose  tarsal  bones  present  a  condition 
somewhat  resembling  the  Frog.  I  have  had  an  opportunity  of 
dissecting  Galago,  and  shall  confine  my  remarks  to  that  animal 
The  OS  calcis  and  scaphoid  are  very  elongated,  but  the  astragalus 
is  fairly  normal  in  shape,  as  seen  in  fig.  12.  In  the  place  of  the 
calcaneo-metatarsal  muscle  is  a  broad  ligament  containing  an 
abundance  of  yellow  elastic  fibres ;  it  represents  in  a  liga- 
mentous form  the  large  muscle  of  the  Frog's  foot  The  inferior 
caleaneo-scaphoid  ligament  of  the  human  foot  arises  from  the 
anterior  and  inner  extremity  of  the  os  calcis,  and  is  attached 
anteriorly  to  the  under  surface  of  the  scaphoid  bone.  In  this 
it  agrees  with  the  condition  of  the  ligament  as  seen  in  the  Galago, 
except  that  in  this  lemur  it  is  a  much  broader  structure  relatively. 

C!omparing  the  Galago's  foot  with  that  of  the  Frog  we  shall  see 
that  the  calcaneo-metatarsal  muscle  of  the  batrachian's  foot  has 
the  same  relations  posteriorly  as  does  the  ligament  in  the  lemur. 
Anteriorly  it  difTers,  inasmuch  as  it  gains  an  attachment  to  the 
metatarsus,  whilst  its  strong  tendon  supports  that  portion  of 
the  tarsus  lying  immediately  behind  the  metatarsus.  All  this 
difference  may  depend  on  the  diversity  or  arrangement  of  the 
tarsal  bones  in  the  two  forms  described,  yet  it  seems  legitimate 
in  this  case,  as  in  the  other  examples  of  metamorphosed  muscles 
discussed,  to  consider  that  in  all  probability  the  Frog's  calcaneo- 
metatarsal  muscle  is  the  ancestor  of  the  inferior  calcaneo-scaphoid 
ligament  in  the  foot  of  man.  After  reviewing  these  facts  it  may 
not  appear  presumptuous  or  untimely  to  generalise  in  the 
following  manner : — 

Muscles,  particularly  those  of  the  limbs,  and  more  especially 
those  of  the  distal  segments,  are  prone  to  conduct  themselves  in 
three  diverse  ways. 

1st.  Their  extremities,  or  the  greater  part  of  their  structure, 
may  become  metamorphosed  into  tendon. 

27id»  The  points  of  origin  may  shift  from  their  original 
situation.  This  affects  the  proximal  end  far  more 
frequently  than  the  distal  one. 

3rd,  Whole  muscles  may  have  their  function  abrogated,  and 
their  structure  becomes  converted  into  fibrous  tissue. 

The  three  processes   may  be  termed,  for  the   sake  of  con- 


48  MR  J.  B    SUTTON. 

venience, "  metamorphosis,"  "  migration"  and  "  regression."  Any 
one  of  these  three  processes  may  result  in  transforming  an  in- 
active muscle,  wholly  or  in  part,  into  a  passive  ligament,  to 
act  as  a  means  of  union  between  any  two  parts  of  the  skeleton. 

Whilst  working  out  these  metamorphoses  the  truth  of  the 
following  statement,  usually  accredited  to  Miiller,  seemed  to 
appeal  with  great  force: — "Comparative  Anatomy  in  its 
complete  form  leads  to  such  necessary  consequences,  that 
expressions  may  be  found  for  organisations  which  are  like  the 
expressions  of  an  equation.  If  these  expressions  are  found,  the 
unknown  quantities  may,  in  a  given  case,  be  reckoned  from  the 
known." 

AQ  points  in  the  anatomy  of  animals  mentioned  in  this 
paper,  with  the  exception  of  Thylaciiuis  and  the  Monotremes, 
I  have  directly  verified  by  my  own  dissections,  so  as  to  be  re- 
sponsible as  far  as  possible  for  the  statements  made. 

In  the  Bibliography  is  appended  a  list  of  the  more  important 
works  and  memoirs  which  have  been  to  me  of  the  very  greatest 
assistance  in  working  out  the  history  and  ancestry  of  some  of 
the  ligaments  of  the  human  frame ;  the  help  and  guidance 
these  writings  have  afforded  me  in  my  dissections  I  cannot  too 
gratefully  acknowledge. 

Prof.   Humphry,     Numerous    papers    on    Comparative     Myology 

scattered  through  this  JoumcH, 
Prof.  Rollbston,     Linn,  Soc.  Trans,,  vol.  xxvi.,  1868,     "On  the 

Homologies  of  certain  Muscles  connected  with  the  Shoulder- Joint" 
Prof.  Wood,  Journal  of  Anatomy  and  Phya.,  voL  i.,  1867,     "On 

Human  Muscular  Variations,  and  their  relation  to  Comparative 

Anatomy.  " 
Dr  Ruoe,   Morph,   JahrbucJi,   1868,     "  Untersuchungen  iieber  die 

Extensorengruppe  am  Unterschenkel  und  Fiisse  der  Saiigethiere." 
Prof.    Cunningham,    Zool,    Chall.  Hasp,,  part  xvi.,   1881,   voL   v. 
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To  my  friend  Mr  Wynter  is  due  all  credit  for  the  drawings 
which  illustrate  this  paper,  and  I  must  heartily  thank  him  for 
the  care  and  pains  he  so  willingly  bestowed  upon  them. 


EXPLANATION  OF  PLATE  TIL 

Fig.  1.  The  left  scapula  and  upper  limb  of  Menohranchns 
lateralUf  showing  the  subclavius  muscle  arising  from  the  prsecoracoid 
cartilage,      x  2. 

Fig.  2.  The  coracoid,  with  part  of  the  clavicle  and  head  of  the 
humerus  of  Rufous  ttnamou,  showing  the  subclavius  muscle  and  the 
tendon  traversing  the  "  foramen  triosseum." 

Fig.  3.  The  upper  part  of  the  thorax  and  pectoral  girdle,  with  the 
heads  of  the  humeri  of  a  human  foitus  at  birth.  On  the  left  side  the 
rhomboid  ligament  E,  the  subclavius  muscle,  the  coraco-clavicular 
ligaments,  and  the  gleno-humeral  band  are  shown.  On  the  right  side 
the  long  coracoid  ligament  LCL  is  represented. 

Fig.  4.  The  left  scapula  with  the  head  of  the  humerus  of  a  monkey 
(Cebus)  designed  to  show  the  pectoralis  minor  muscle  PM  being 
attached  in  part  to  the  coracoid  process,  and  in  part  to  the  bead  of  the 
hameru& 

Fig.  5.  The  top  of  the  sternum  and  clavicle  of  an  opossum 
(Didelphys  philander),  to  show  the  relation  of  the  costoclavicular 
muscle  to  the  subclavius. 

Fig.  6.  The  humerus  of  a  still-bom  lion  (Felis  leo),  to  show  that  the 
upper  part    of    the  supracondyloid    foramen    is  formed  from  the 
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diaphysis,  and  the  lower  part  is  completed  by  the  epiphysis  in  the 
adult,  but  in  this  young  specimen  it  is  cartilaginous. 
'    Fig.  7.  The  lower  end  of  a  humerus  from  a  man,  to  show  that  the 
lower  part  of  the  bony  supracondyloid  foramen  of  the  Carnivora  and 
other  animals  may  be  represented  in  man  by  ligaments. 

Fig.  8.  Front  view  of  the  leg  of  koala  (PJiascolarctos  cinereus)^ 
designed  to  show  a  part  of  the  extensor  brevis  digitorum  on  the  dorsum 
of  the  foot,  and  two  of  its  tendons  still  attached  high  up  on  the  fibula. 
The  peroneo-tibial  muscle  and  the  interarticular  fibro -cartilage  at  the 
ankle-joint  are  shown. 

Fig.  9.  A  view  of  the  inner  side  of  the  leg  of  koala,  showing  the 
abductor  hallucis  arising  from  the  fibula,  passing  behind  the  inner 
malleolus,  having  a  large  sesamoid  developed  in  the  tendon  where  it 
plays  on  the  side  of  the  scaphoid,  then  sending  a  slip  on  to  the  base 
of  the  first  phalanx  of  the  hallux.  The  tibialis  posticus  is  inserted  as 
usual  into  the  scaphoid  bone. 

Fig.  10.  The  left  knee-joint  of  an  ostrich  (Strutkio  camelus),  showing 
the  extensor  longus  digitorum  and  tibialis  anticus  muscles  arising  from 
the  femur. 

Fig.  11.  The  tarsus  of  a  bull  frog,  to  show  the  calcaneo-metatarsal 
muscle  (CM)  and  its  attachments. 

Fig.  1 2.  The  astragalus,  calcaneum,  and  scaphoid  of  Gcdago  moHioli, 
to  show  the  calcaneo-scaphoid  ligament. 


OSTEOLOGY  OF  NUMENIUS  LONOIROSTRIS,  WITH 
NOTES  UPON  THE  SKELETONS  OF  OTHER 
AMERICAN  LIMICOLiE.  By  R  W.  Shufeldt,  Captain 
Med,  CorpSy  U.S.  Army;  Menib.  American  Ornithologists' 
Union  ;  Memh.  Society  of  Naturalists,  E.  U.S. ;  Memh.  Ento- 
mological Society  of  Washington,  &c.    (Plates  IV.  and  V.) 

My  first  acquaintaDce  with  the  loDg-billed  curlew  occurred 
nearly  twenty  years  ago,  yet  the  introduction  made  such  a  vivid 
aud  pleasant  impression  upon  my  mind,  that  I  venture  to  say 
the  picture  will  probably  never  be  effaced  from  my  memory. 
The  ground  was  sacred  ground,  too,  to  all  ornithologists,  for,  if 
my  recollection  serves  me  right,  Audubon  had  once  paced  over 
the  same  spot,  and  many  of  the  scenes  he  drew  were  flashing 
before  me  at  the  time, — ^the  very  realities  of  his  work. 

I  had  made  a  hasty  landing— for  a  storm  was  brewing— upon 
the  long,  low  beaoh,  that  faces  seaward,  of  Egmont  Cay,  on  the 
west  coast  of  Florida.  The  air  was  cool  and  the  sea  quiet, 
whQe  the  great  stretch  of  white  sand  beach  stood  out  in  marked 
contrast  with  the  lowering  sky  that  formed  its  background. 
Leaving  the  men  with  the  boat,  I  determined  to  skirt  the  shore 
as  rapidly  as  possible,  so  as  to  return  to  the  vessel  before  the 
storm  broke. 

Hardly  had  I  proceeded  a  hundred  yards  when  my  attention 
was  attracted  to  a  scattered  flock  of  birds,  some  ten  or  fifteen  in 
number,  approaching  the  beach  from  the  direction  of  the  sea. 
Their  outstretched  and  almost  motionless  wings  flashed  a  deep 
chestnut  in  the  strange  light  of  the  storm.  They  lit  some  dis- 
tance ahead  on  the  beach,  without  giving  vent  to  any  note,  but 
at  once  started  to  lead  me  at  a  rapid  pace.  It  was  not  until  tliis 
time  that  I  recognised  the  members  of  the  company,  and  I  said 
aloud  in  my  excitement — "  Tliey  are  long-billed  curlews,  yes,  and 
a  few  god  wits  with  them !  '*  Without  appearing  to  regard  their 
movements,  I  hastened  along,  for  the  ground  admitted  of  no 
concealment  whatever,  in  their  direction.  They  were  at  least 
two  hundred  yards  in  advance ;  and  so  intently  was  I  observing 
their  action,  that  another  flock  of  birds,  if  anything  still  more 
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interestiDg  to  me,  coming  from  a  direction  T  could  hardly  tell 
where,  suddenly  alighted  about  half-way  between  us.  This  party 
consisted  of  two  magnificent  roeeate  spoonbills,  accompanied  by 
several  oyster-catchers.  Our  surprise  was  mutual,  and  I  at 
once  saw  that  these  last  arrivals  on  the  scene,  as  soon  as  they 
recovered  their  senses,  intended  to  take  flight  again ;  so  without 
any  warning,  and  in  shear  desperation,  I  ran  as  hard  as  ever  I 
could  up  the  beach  towards  them.  When  within  about  fifty 
yards,  away  they  flew,  followed,  I  assure  you,  by  the  contents 
of  both  barrels  of  my  fowling-piece,  but  all  to  no  avail.  They 
were  joined  by  the  curlews  as  they  passed,  and  I  was  obliged 
to  return  empty-handed. 

This  was  the  last  occasion  of  my  meeting  with  the  long-billed 
curlew  on  our  Atlantic  coast,  and  many  years  passed  by  before  it 
was  again  brought  to  my  notice.  In  June  1877  I  formed,  as 
surgeon,  one  of  a  party  of  troops  and  Indians,  scouting  through 
the  central  portion  of  Wyoming  territory.  Having  galloped  off 
by  myself  one  day,  away  from  the  command,  over  the  undulating 
but  treeless  prairie,  my  ears  were  suddenly  saluted  by  the  cries 
of  one  of  these  birds  as  it  sailed  over  my  head.  Its  peculiar 
rattling  note  soon  caused  several  birds  of  the  same  species 
to  appear  and  sail  over  me  in  a  like  manner.  Their  flight  at 
these  times  was  very  steady,  and  unaccompanied  during  a  good 
part  of  it  by  any  movement  of  the  wings.  Dismounting  from 
my  horse,  I  shot  at  them  several  times  with  my  carbine,  as  they 
passed  directly  over  me  in  their  slow  and  steady  course,  and, 
after  a  few  shots,  I  had  the  satisfaction  of  so  crippling  the  wing 
of  one,  as  to  cause  him  to  fall  and  become  my  game. 

Their  nests  or  young  were  evidently  in  the  neighbourhood, 
but  my  search  for  them  proved  fruitless,  and  I  never  saw  either 
during  my  entire  stay  in  that  country  or  since.  Three  years 
later,  at  Fort  Fetterman,  Wyoming,  while  collecting  one  day  in 
May,  just  beyond  the  buildings  of  the  garrison,  eight  of  these 
birds  came  by  me.  They  were  in  close  range,  and  my  first  shot 
broke  the  wing  of  one,  which,  after  it  had  recovered  itself  from 
its  sudden  fall,  cried  out  vehemently  to  its  companions  for  aid. 
These  flew  in  a  most  confused  manner  about  me,  until  I  had 
secured  six  of  their  number  in  all.  From  these  specimens  I  made 
three  or  four  good  skeletons,  and  one  exceptionally  fine  skin. 
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The  description  of  the  fonner  will  fonn  the  subject-matter  of 
this  paper,  while  the  latter  now  stands  up  as  large  as  life  in  the 
ornithological  collection  of  the  Smithsonian  Institution. 

The  genus  Numeiiivs  is  quite  a  cosmopolitan  one,  and  some 
twelve  or  fifteen  species  of  curlews  are  found  in  various  parts  of 
the  world.  In  England  two  very  well  known  forms  occur,  N. 
arguata  and  N.  phcBopvs;  the  latter  has  been  recently  added  to  the 
fauna  of  this  country. 

At  the  present  writing,  our  avifauna  has  this  genus  well 
represented  by  the  five  species  found  in  it.  These  are  N.  langi- 
rostris,  N,  hndsonicus,  N,  borealia,  all  of  pretty  general  distribution 
over  the  United  States,  and  N.  pfuEopus  and  N.  taUensis  confined 
to  certain  localities — ^the  whimbrel  having  been  taken  in  Green- 
land. 

Curlews  fall  into  one  of  the  groups  of  the  great  order  of  gral- 
latorial  birds.  The  order  Gallatores  comprises  all  those  forms 
usually  known  to  us  as  waders.  They  possess  one  character 
that  applies  nearly  universally  to  all  its  members.  This  is  the 
nakedness  of  the  suffrage,  or  that  part  of  the  leg  just  above  the 
heeL  The  degree  of  this  nakedness  varies  in  the  different 
species;  in  Ifumenivs  it  is  very  well  marked.  Ornithologists 
have  found  that  the  numerous,  and  in  many  cases  extraordinary, 
forms,  that  comprise  this  order  Grallatores,  fall  more  or  less 
naturally  into  three  groups. 

The  first  of  these,  and  the  one  to  which  our  curlew  belongs,  is 
known  as  the  Limigol£.  In  it  we  find  all  the  snipe-like  and 
plover-like  birds,  together  with  such  forms  as  Himiatopus  and 
Recurvirostra,  They  are  generally  designated  as  the  share  birds, 
and  possess  in  common  many  characters  and  habits.  In  the 
classification  of  Huxley,  these  birds  comprise  the  Schizognathse, 
having  certain  cranial  characters,  which  I  have  elsewhere  applied 
and  enunciated  in  an  American  form  of  plover.^  Sometimes 
they  lack  the  intrinsic  muscles  of  the  lower  larynx,  and  are  said 
never  to  possess  more  than  one  pair  of  them. 

Our  second  group  of  grallatorial  birds  is  made  up  of  the 
Herodiones,  containing,  as  it  does,  the  herons  and  forms  more 
or  less  nearly  related  to  them.    Finally,  we  have  the  sub-order 

^  "  Observations  upon  the  Osteology  of  Podasocys  Montanua,"  Jour.  AnaL  wnd 
Phys,^  vol.  xviii.  pp.  86-102,  plate  v. 
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or  group,  the  Alectorides,  represented  by  the  cranes,  the  rails, 
and  other  kindred  forms.  It  does  not  lie  within  the  scope  of 
this  monograph  to  present  the  characters  of  these  last  two 
groups,  so  they  will  be  omitted  here. 

Believing,  as  I  do,  that  it  is  always  an  advantage  to  present  a 
concise  account  of  the  leading  external  characters  of  the  bird 
whose  skeleton  we  are  about  to  describe,  I  find  that  in  the  pre- 
sent instance  I  can  do  no  better  than  repeat  the  words  of  so 
eminent  an  ornithologist  as  Dr  Coues.  This  author  says  of  the 
Limicolm : — "  With  a  few  exceptions  the  wing  is  long,  thin,  flat, 
and  pointed,  with  narrow,  stiff  primaries,  rapidly  graduated  from 
1st  to  10th ;  secondaries  in  turn  rapidly  lengthening  from  with- 
out inward,  the  posterior  border  of  the  wing  thus  showing  two 
salient  points  separated  by  a  deep  emargination.  The  tail,  never 
long,  is  commonly  quite  short,  and  has  from  12  (the  usual 
number)  up  to  20  or  even  26  feathers  (in  one  remarkable  group 
of  snipe).  The  legs  are  commonly  lengthened,  sometimes  ex- 
tremely so ;  rarely  quite  short,  and  are  usually  slender ;  they  are 
indifferently  scutellate  or  reticulate,  or  both.  The  feathers  rarely 
reach  the  suffrage.  The  toes  are  short  (as  compared  with  the  case 
of  Herons  and  Bails  of  the  next  group),  the  anterior  usually  semi- 
palmate,  frequently  cleft  to  the  base,  only  palmate  in  Becurvirostra 
and  only  lobate  in  Phalaropodidce.  The  hinder  toe  is  always  short 
and  elevated,  or  absent.  The  length  of  the  phalanges  of  the 
anterior  toes  decreases  from  the  basal  to  the  penultimate.  The 
lower  part  of  the  cms  never  has  feathers  inserted  upon  it, 
though  the  leg  may  appear  feathered  to  the  suffrage,  owing  to 
the  length  of  the  feathers.  The  bill  varies  much  in  length  and 
contour,  but  is  almost  always  slender,  contracted  from  the  frontal 
region  of  the  skull,  and  is  as  long  as,  or  much  longer  than,  the 
head,  representing  the  '  pressirostral '  (pluvialine)  and  '  longi- 
rostral*  (scolopacine)  types.  Furthermore,  it  is  generally  in 
large  part,  if  not  entirely,  covered  with  softish  skin,  often  mem- 
branous and  sensitive  to  the  very  tip,  and  only  rarely  hard 
throughout.  The  nostril  is  generally  a  slit  in  the  membranous 
part,  and  probably  never  feathered."^ 

The  special  characters  as  confined  to  the  curlews  are — their 

*  Key  to  North  American  Birds;  2nd  edition,  by  Elliott  Coues.     Boston,  1884, 
p.  590. 
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long,  extremely  sensitive,  downward-curved  bill;  their  tarsi 
with  only  very  slight  scutillations ;  their  toes  all  present,  and 
showing  a  slight  basal  web. 

Of  the  Skull. — It  was  originally  my  intention  to  present  the 
reader  with  a  classified  list  of  the  material  I  have  on  hand  to 
compare  my  skeletons  of  Numeniua  with ;  but,  upon  examina- 
tion, I  find  there  is  so  much  of  it,  that  such  a  list  will  be 
omitted.  The  collections  of  the  Smithsonian  Institution  and 
Army  Medical  Museum  are  at  my  command,  and  they  contain 
much  of  value  that  I  will  take  pleasure  in  referring  to  as  we 
proceed,  simply  calling  attention  to  the  specimen,  either  by 
footnote  or  in  parenthesis,  as  convenience  may  suggest  It 
gives  me  pleasure  to  thank,  in  addition,  however,  Mr  F.  A. 
Lucas,  of  the  former  institution,  for  the  loan  of  three  valuable 
skulls — one  each  of  N.  arqtuUa,  If.  phcBopns,  and  Li^nosa  rufa,  all 
taken  from  specimens  of  these  birds  collected  in  France. 

Curlews  are  all  the  very  types  of  that  class  of  birds  which  the 
late  Professor  A.  H.  Garrod,  F.B.S.,  designated  "  Schizorhiua^/' 
In  them  "  the  posterior  margin  of  the  osseous  nares  has  a  distinctly 
slit-like  or  triangular  form,  instead  of  being  simply  concave."  ^ 

This  character  is  seen  in  my  drawing  of  the  superior  aspect 
of  the  skull  of  N.  Umgvrostris  (Plate  V.  fig.  1,  b,  n\  and  pre- 
cisely the  same  condition  exists  in  the  skulls  of  all  the  other 
species  of  this  genus  that  I  have  examined.  Not  having  in  ray 
possession  the  young  of  any  curlew,  it  will  be  impossible  to 
exactly  define  the  limits  of  the  nasal  bone.  In  the  adult  of  the 
bng-billed  curlew,  as  well  as  the  other  species,  the  determin- 
able part  of  this  bone  consists  in  a  slender  osseous  rod  with 
dilated  extremities,  extending  from  the  fore  part  of  the  skull 
obliquely  downwards  and  forwards  to  a  point  where  the  palatine 
and  maxillary  unite.  The  manner  in  which  this  is  done  may  be 
seen  in  the  figure  last  referred  to.  The  premaxUlary  is  quite 
broad  and  subcompressed  as  it  slopes  somewhat  gently  away 
from  the  frontal  region  of  the  skull,  between  the  nasal  bones. 
It  becomes  gradually  narrower  as  it  proceeds  towards  the  distal 
tip,  but  alters  but  little  in  form.  In  an  old  adult  N.  longirostris, 
it  is  nearly  six  times  as  long  as  the  remainder  of  the  skull, 

^  "On  the  Value  in  Classification  of  a  Peculiarity  in  the  Anterior  Margin  of 
the  Nasal  Bonea  in  certain  Birds,'*  Proc.  ZooL  Soc,  1883,  pp.  88-38.     ^« 
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twice  as  long  as  the  corresponding  parts  in  iV.  barecUis.  Other 
forms  graduate  between  these  two ;  in  N,  arguata  it  is  fully  four 
times  as  long,  and  is  more  generally  curved  throughout 

At  the  point  marked  i  in  Plate  IV.  fig.  3,  and  in  B  of  Plate 
V.  fig.  1,  the  nasal  meets  the  maxillary.  Beneath,  and  a 
little  beyond  this  point,  the  palatine  also  merges  with  these 
bones.  These  elements  thus  unite  to  form  a  common  rod  that 
contracts  immediately  after  the  union  to  a  delicately-fashioned 
stem  that  I  have  given  the  name  of  the  subnarinal  bar.  They 
are  seen  on  either  side  of  the  premaxillary,  at  first  beneath  the 
osseous  narinal  slit,  then  to  pass  under  this  bone,  becoming  at 
the'same  time  flatter,  more  closely  applied  for  the  entire  length, 
until  they  merge  into  it  near  the  tip  at  k  (Plate  IV.  fig.  3).  In 
N,  longirostris  these  bones  may  be  pulled  away  from  the  pre- 
maxillary, as  shown  by  the  dotted  lines  in  Plate  V.  fig.  1,  a, 
and  they  spring  back  to  their  original  position  when  the  hold  is 
released.  This  is  only  possible  in  those  curlews  that  have  very 
long  bills.  It  is  not  particularly  a  noticeable  feature  in  the 
Eskimo  curlew,  nor  the  whimbrel.  As  I  am  not  so  fortunate  as 
to  have  at  hand  the  skeleton  of  the  young  of  the  sickle-bill,  it 
becomes  impossible  to  determine  the  exact  part  the  nasal, 
maxillary,  and  palatine  take  in  forming  this  subnarinal  bar.  The 
sutures  are  completely  obliterated  in  the  adult  skull.  Much 
less  is  it  possible  to  tell  the  precise  limits  of  the  nasal  bone 
at  its  superior  extremity.  It  may  have  to  do  with  the  median 
crest  of  bone  found  beneath  the  premaxillary  and  closely  applied 
to  it  and  to  the  entire  anterior  border  of  the  ethmoid,  from  which 
it  seemingly  is  developed.  Or  perhaps  the  delicate  curling  crest 
of  bone  found  just  within  the  nasal  bar  above,  and  united  with^ 
the  rounded  outer  margin  of  the  premaxillary,  may  have  to  do 
with  it.  This  latter  seems  quite  probable,  and  indistinct  sutures 
seem  to  point  to  this  latter  conclusion. 

In  K  hudsonicm  this  latter  feature  is  absent,  while,  on  the 
other  hand,  it  is  exaggerated  in  N.  horealis,  in  which  bird  the 
entire  rhinal  chamber  seems  to  be  filled  with  this  enlarged, 
here,  a  hollow  sub-cylinder  of  thin  bone,  that  meets  a  similar 
cylindrical  formation  of  the  maxillo-palatine  coming  from  below 
(compare  c  and  D,  Plate  V.  fig.  2;.  The  median  plate,  referred 
to  above,  is  present  in  all  the  curlews.    We  find  the  vomer  to  be 
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a  vety  well  developed  boDe  in  N.  longirostris.  The  anterior 
portion^  beyond  the  rostrum,  is  a  thin  osseous  plate,  placed  hori- 
2ontally  and  shaped  like  an  arrow-head,  with  the  broad  part 
behind.  On  the  under  side  there  is  a  thin  vertical  median 
crest,  that  in  front  merges  into  the  free  pointed  extremity,  while 
posteriorly  it  is  produced  backwards  by  two  vertical  plates  that 
grasp  the  rostrum.  These  at  their  hinder  ends  meet  the  pala- 
tines on  either  side  to  anchylose  with  them. 

The  anterior  extremity  of  the  vomer  in  N.  hitdsoniciis  and  N. 
phceopus  is  decidedly  forked,  otherwise  the  description  just  ren- 
dered will  answer  very  well  for  the  other  forms  we  have  under 
examination.     With    the  exception  to  what   I  have  already 
said  in  r^ard  to  the  maxillo-palatine  for  If.  horealis,  this  bone 
has,  on   either  side,  a  like  character  in  the  remaining  forms, 
including  N.  arguaia.    It  is  developed  as  an  extremely  deli- 
cate lamina  of  bone  from  the  inner  margin  of  each  palatine. 
Anteriorly  it  merges  into  the  naso-maxillary  junction.    Exter- 
nally this  plate  looks  downwards  and  outwards,  and  is  pierced 
by  at  least  two,  the  usual  number,  large  oval  foramina.    The 
vomer  passes  between  these  plates  and  never  touches  them ;  it 
may  be  in  contact,  however,  in  N,  borealis.    Upon  their  inferior 
aspects,  each  palatine  presents,  for  the  most  part,  two  descending 
plates,  an  inner  and  an  outer  one,  forming  a  longitudinal  con- 
cavity between  them.    Anteriorly,  a  palatine  becomes  thicker 
horizontally  compressed,  and  turns  outward  to  merge  into  the 
subnarinal  bar,  as  already  described.    Posteriorly  they  support 
each  a  pterygoidal  head,  that  is  directed  outward  to  articulate 
with  the  pterygoid.    Their  superior  surfaces  are  convex,  and 
each  one  develops  an  ascending  plate  for  its  inner  margin,  near 
the  middle,  that  is  carried  backwards  to  its  union  with  the  vomer, 
and  forwards  to    the  commencement  of  the  maxillo-palatine 
lamina.     Owing  to  the  comparative  greater  length  of  skull  in 
N.  kadsonicua  and  N.  phceopus,  these  bones  are  longer  in  these 
species.     In  fact,  they  are  shorter  in  our  long-billed  curlew  than 
in  any  other  in  proportion  to  its  size.     A   lacrymal,  though 
small,  stands  out  quite  prominently  at  the  antero-superior  orbital 
border.     It  articulates  largely  with  the  nasal,  and  in  all  curlews 
sends  down  a  slender  bony  style  that  unites  with  the  upper  and 
outer  angle  of  the  ethmoidal  wing,  by   which  means  a  large 
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foramen  in  this  locality  is  encircled.  These  ethmoidal  wings 
have  the  same  general  appearance  in  all  the  members  of  the 
genus.  Each  one  is  a  quadrilateral'  plate,  projecting  nearly  at 
right  angles  from  the  mesethmoid,  to  form  quite  an  ample  par- 
tition between  the  rhinal  and  orbital  cavities. 

The  interorbital  septum  is  never  entire  in  any  of  the  true 
curlews,  but  is  pierced  in  almost  identically  the  same  manner  in 
every  species.  The  forms  of  these  interorbital  vacuities  can  best 
be  seen  by  referring  to  the  several  lateral  views  of  the  skulls 
accompanying  this  paper.  But  one  specimen  of  the  skull  of  N. 
hudsaaicus  lies  before  me,  and  in  that  the  dividing  bar  between 
the  two  openings  is  evidently  broken  out.  I  have  restored  it  by 
dotted  lines  (Plate  V.  fig.  2,  c).  The^  pterygoids  are  comparatively 
short  bones  in  all  the  curlews,  more  particularly  so  in  our  present 
subject.  They  are  twisted  and  angular  in  appearance,  with 
sharp  longitudinal  edges.  An  elliptical  facet  occupies  the 
middle  of  the  inner  aspect  of  each,  that  articulates  with  the 
basisphenoid  process  on  either  side. 

Each  quadrate  bone  presents  the  usual  undulatory  surface,  upon 
its  mandibular  head,  for  articulation  with  the  lower  jaw.  Just 
above  this,  on  the  inner  aspect,  is  a  small  semiglobular  facet  for 
the  cup  on  the  outer  end  of  the  pterygoid.  The  orbital  process  is  a 
quadrate,  lamelliform  plate  with  truncate  extremity,  while  two 
articulating  facets  are  seen  to  occupy  the  dilated  end  of  the 
mastoid  process  of  this  bone.  On  the  outer  side  we  find  the 
usual  cotyle  for  the  projection  on  the  quadrato-jugaL  The  form 
of  the  quadrate  varies  but  very  little  among  the  other  represent- 
atives of  this  genus.  Several  foramina  are  seen  at  the  base  of 
the  deep  sunken  cavity,  from  which  the  fifth  pair  of  nerves  issue. 
This  is  the  case  in  all  the  species,  and  this  elliptical  pit  on  the 
posterior  wall  of  the  orbit,  just  above  the  quadrate,  is  quite  a 
striking  feature  of  the  skulL  Ossification  is  so  far  deficient  in 
the  interorbital  septum  opposite  the  exit  for  the  optic  nerves,  that 
this  aperture  is  here  one  large  circular  opening.  To  its  outer  side, 
however,  separate  and  minute  circular  foramina  exist  for  the 
third  pair.  This  latter  condition  seem  to  be  common  to  all  the 
species.  The  olfactory  nerves,  in  the  anterior  part  of  each  orbit, 
has  for  its  reception  a  well-marked  canal,  that  leads  to  a  foramen 
(iV.  longirostris),  or  a  not<3h  (N.  phceopus),  into  the  rhinal  chamber. 
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A  side  view  of  the  skull  presents  for  examination,  in  addition 
to  other  points  already  described,  the  osseous  entrance  to  the 
ear,  which  is  here  shielded  behind  by  a  rather  prominent  tym- 
panic wing.  The  sphenotic  process  in  all  curlews,  except  X. 
borealis,  is  a  long,  sharp-pointed  spine,  and  even  in  the  excep- 
tion it  may  become  quite  long  in  old  birds. 

An  upper  and  lower  spine  project  forward  from  the  squa* 
mosal,  over  the  articulation  for  the  quadrate.  This  feature  is 
more  prominent  in  N.  arqiiata  of  the  Continent  than  any  of  our 
American  forms,  though  it  is  quite  a  striking  character  in  the 
lateral  aspect  of  the  skull  in  iV.  loTtgirostris, 

In  the  eye  the  usual  sclerotal  plates  are  found;  they  are 
email,  comparatively,  and  about  twenty  in  number.  The  superior 
aspect  of  the  skulls  of  these  birds  offer  some  very  diverse 
characters.  In  all  the  fronto-maxillary  region  is  concave,  and 
traversed  by  a  longitudinal  groove  that  dies  away  beyond  on  the 
premaxilla.  This  groove  is  deepest  in  N,  arquata.  In  N.  lomji- 
wdris  the  superior  orbital  peripheries  are  but  slightly  serrated, 
and  the  orbital  roof  just  within  them  is  pierced,  but  by  a  very 
few  minate  foramina  The  "  glandular  depressions"  are  shallow. 
The  surface  between  them  is  depressed,  and  a  dovMe  raised  line 
is  observed,  that  in  each  case  is  a  part  of  the  raised  semilunar 
boundary  to  the  glandular  depressions  in  question.  In  N, 
phccopus  the  raised  lines  have  merged  into  a  single  median  one ; 
the  orbital  rims  are  decidedly  serrated  with  small  foraminal 
perforations,  and  the  glandular  depressions  would  hardly  attract 
attention.  The  raised  median  line  is  single  and  still  more 
prominent  in  H.  arquata,  causing  the  depressions  to  be  more 
concava  In  my  specimen  one  large  foramen  is  seen  close  to  the 
orbital  rim  on  one  side,  situated  rather  posteriorly,  with  a  corre- 
sponding notch  on  the  opposite  side.  In  N.  htidsoniciis  the 
orbital  rims  are  comparatively  smooth ;  no  evidences  exist  of 
the  glandular  depression,  and  the  region  is  barely  concave ;  a 
minute  foramen  exists  on  each  side  posteriorly.  Numenius 
lorealis  h&s  strongly  marked  grandular  depressions  of  a  semi- 
lunar form,  situated  just  within  the  smooth  orbital  peripheries. 
A  decided  median  groove  divides  them  longitudinally,  which  in 
this  bird  is  continuous  with  the  groove  described  in  the  fronto- 
maxillary  region.     The  glandular  depressions  terminate  ante- 
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riorly  in  this  curlew,  in  a  notch,  on  either  side,  just  behind  the 
lacrymal  bones.  The  parietal  region  is  smooth  and  globular, 
being  impressed  in  most  of  the  species  by  a  longitudinal  median 
groove,  most  noticeable  in  N.  arguaia,  less  so  in  N.  borealis, 
least  of  all  in  N.  phoeopus.  Among  the  chief  points  of  interest 
in  the  basal  view  is  the  form  of  the  foramen  magnum.  This  is 
nearly  circular  in  N.  longvrostris  and  N,  arqudta;  cordate  iniVI 
phoeapus. 

The  condyle  is  small  and  hemispherical  in  all  the  species, 
and  has  situated  beyond  and  on  either  side  of  it,  the  usual 
vascular  and  nervous  foramina  seen  in  this  locality  in  ordinary 
birds'  skulls. 

Two  large  supraoccipital  foramina,  of  elliptical  outline,  exist 
in  our  present  subject  and  in  N,  arquata;  these  openings  are 
very  small  in  the  whimbril,  and  exist  only  on  one  side  in 
iV.  borealiSj  as  a  minute  perforation. 

The  surrounding  muscular  line  of  the  occiput  is  quite  strongly 
marked  in  all  the  species ;  least  of  all  in  the  Eskimo  curlew. 

Within  the  brain-case  we  find  the  tentorial  ridges  quite  pro- 
minent, well  dividing  .the  various  encephalic  compartments. 
The  longitudinal  one  appears  to  be  ungrooved  by  the  sinus. 

Foraminal  openings  occur  in  the  usual  localities  for  the 
entrance  or  exit  of  nerves  and  vessels.  But  little  diploie  tissue 
seems  to  be  deposited  between  the  tabular  walls  of  the  cranial 
vault,  these  latter  being  quite  thin,  and  composed  of  firm  com- 
pact bone. 

The  curvature  of  the  niandihle  is  almost  identical  with  that 
of  the  upper  bill  or  premaxillary.  Wlien  articulated  with  the 
skull,  it  is  found  to  be  in  all  the  species  a  few  miUemetres 
shorter  than  the  latter  bone.  In  N.  longirostris  the  rami  sepa- 
rate and  diverge  from  each  other  at  a  point  about  midway 
between  tip  and  articular  extremity.  Beyond  this  point  the 
mandible  is  in  one  piece,  rounded  beneath  and  with  rounded 
lateral  angles  above.  A  groove  deeply  marks  the  bone  along 
its  entire  course  in  this  portion,  in  the  median  line.  The  rami 
still  remain  rounded  for  some  distance  backwards  after  they 
separate  from  each  other,  but,  just  before  they  arrive  at  the  long 
slit-like  ramal  vacuity,  they  dilate  to  become  lamelliform  plates 
compressed  from  side  to  side.    The  upper  borders  of  these 
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plates  curve  inwards  towards  each  other.  A  second  small  cir- 
cular foramen,  situated  at  the  base  of  a  larger  concavity,  on  the 
outer  aspect  of  the  ramus,  between  the  vacuity  and  the  hinder 
end,  exists  in  all  the  specimens  before  me,  except  N.  hudsonicus. 
The  articular  ends  are  of  a  form  most  common  to  the  class; 
they  are  produced  posteriorly  into  small  vertical  plates,  that 
tarn  outwards,  but  do  not  curve  upwards  to  any  great  extent, 
as  we  find  them  in  the  Oallince. 

At  the  inner  tip  of  each  we  find  the  usual  pneumatic  fora- 
men. The  sutures  designating  the  limits  of  the  bones  that 
originally  entered  into  the  composition  of  the  mandible  in  any 
of  this  genus,  have  been  almost  entirely  obliterated,  the  edge 
of  the  dentary  sometimes  being  persistent. 

With  the  exception  that  the  cerato-hyals  have  coalesced  with 
the  glosso-hyal,  or  the  posterior  part  of  it,  as  is  usual  among 
birds,  all  the  remaining  elements  of  the  hyobranchial  apparaius 
of  the  curlew  remain  free  during  life.  The  first  piece  of  the 
arch,  just  referred  to,  has  the  form  of  a  long  arrow-head,  with 
quite  a  sizeable  fenestra  towards  its  hinder  end.  The  first  basi- 
branchial  has  a  median  longitudinal  ridge  above,  connecting  the 
two  enlarged  articulating  extremities ;  the  posterior  one  has  two 
facets  for  a  cerato-branchial  element  on  each  side.  These  are 
long  and  slender,  curving  upwards.  They  support  the  equally 
delicate  cpi-branchials,  which  terminate  in  filaments  of  carti- 
lage. 

The  second  basi-branchial  is  quite  short  comparatively,  it 
being  in  turn  produced  backwards  by  a  slender  cartilaginous 
tip. 

Among  interesting  comparisons  to  be  noted  with  other  Ameri- 
can limicoline  forms,  in  so  far  as  the  skull  is  concerned,  we  find 
in  Tringaides  macviarivs,  that  the  glandular  depressions  on  the 
roofs  of  the  orbits  are  long  and  narrow,  and  bound  the  entire 
supraorbital  periphery.  A  deep  depression  occurs  in  the  fronto- 
maxillary  region  of  this  sandpiper,  and  the  vomer  is  very  slender, 
being  pointed  anteriorly.  The  supraoccipital  foramina  are 
present,  and  of  some  considerable  size.  Very  large  vacuities 
occur  in  the  interorbital  septum,  and  the  foramina  for  the 
optic,  olfactory,  and  other  nerves,  have  all  run  together. 

BcUramia   longicauda  does    not    possess  the  supraoccipital 
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foramina,  and  the  glandular  depressions  above  the  orbit  are  still 
narrower  than  we  found  them  in  Tring&Ldes.  The  wing  of  the 
ethmoid  on  either  side  has  a  spur  on  its  outer  margin,  directed 
forwards  in  this  tattler.  In  Toiamcs  melanoleucvs  the  glandular 
depressions  are  wider  again,  and  the  supraoccipital  foramina 
are  present.  A  median  notch  is  found  in  the  upper  border  of 
the  foramen  magnum.  In  Totanvs  fiavipes  nearly  half  the 
anterior  wall  of  the  brain-case  is  deficient,  and  the  inter- 
orbital  septum  is  very  large.  This  latter  character  does  not 
occur  in  the  willet  (SympJiemia  semipalmata).  In  this  interest- 
ing bird  we  find  the  supraoccipital  foramina  to  be  of  some  size, 
and  of  an  elliptical  outline.  The  glandular  depressions  are 
barely  perceptible.  Just  beyond  the  fronto-maxillary  region,  on 
the  culmen,  we  note  the  persistence  of  the  premaxillary  sutures. 
This  shows  to  some  extent  how  far  the  nasals  must  extend 
forwards.  The  vomer  is  pointed  anteriorly,  and  the  inter- 
orbital  septum  is  divided  by  an  osseous  bar.  Upon  a  basal 
view,  we  find  that  the  lower  borders  of  the  maxillo-paktine 
plates  appear.  They  are  attached  to  the  palatines  anteriorly, 
being  directed  backwards  as  free  lamina.  Their  connection 
anteriorly  with  the  maxillaries  is  by  their  outer  angles.  In 
the  mandible  of  Si/mphemia  the  true  ramal  vacuity  has  become 
a  mere  slit,  filled  in  with  a  plate  of  bone;  while  the  small 
foramen  I  described  in  the  curlews  is  here  very  large,  and 
almost  entirely  usurped  its  place. 

This  condition  likewise  exists  in  Limosa  fosda.  The  rims  of 
the  orbits  in  this  bird  are  rounded,  differing  in  this  respect  from 
the  curlews.  In  this  godwit,  too,  we  note  a  ]3ointed  vomer  in 
front,  and  the  presence  of  the  supraoccipital  foramina  on  the 
occiput.  The  glandular  depressions  above  the  orbits  have  dis- 
appeared, and  the  openings  in  the  interorbital  septum  are  three 
in  number,  and  smaller.  A  deep,  circumscribed,  and  obliquely- 
inclined  groove  is  found  on  the  lateral  aspect  of  the  skull,  back 
of  the  ear-entrance.  In  Limosa  rufa  a  deep  gutter  is  seen 
between  the  orbits  on  a  superior  aspect  of  the  skull.  Anteriorly 
it  is  bounded  by  an  eminence  on  the  premaxillary.  The 
lacrymal  is  small  in  all  the  godwits,  and  connects  with  the 
alie-ethmoid,  as  in  the  curlews. 

Most  noticeable  in  Tringa  is  the  absence  of  the  glandular 
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depressions,  and  the  extreme  narrowness  of  the  region  of  skuU 
where  they  occur  in  the  other  forms.  Tringa  banapartii  (No. 
1631,  Army  Med.  Mus.  Collection)  has  the  supraoccipital 
foramen,  and  the  fenestra  in  the  interorbital  septum,  as  in  the 
carlews.  There  seems  to  be  in  the  mandible  an  inclination  for 
the  hinder  ends  to  bend  downwards. 

Tliis  character  is  also  observable  in  Actodroinxis  minutilla,  and 
ia  this  sandpiper  space  between  the  orbital  margins,  on  the 
superior  aspect  of  the  skull,  is  reduced  to  a  very  narrow  isthmus. 
It  is  much  wider,  comparatively,  in  Actodromtcs  hairdi;  and  this 
form  also  faintly  shows  the  glandular  depressions.  They  are 
quite  well  marked  behind.  The  mandible  shows  the  posterior 
bend,  and  the  articular  extremities  throw  off  behind  lamelliform, 
upturned  processes,  that  are  a  prominent  feature  in  this  bone. 
The  vomer  is  pointed  in  front,  and  the  supraoccipital  foramina 
are  present 

Actodromfius  Tnaculata  and  Felidna  alpina  americana  possess 

skulls  very  much  alike  in  many  of  their  characters — in   the 

arrangement  of  the  maxillo-palatines,  the  presence  in  each  of 

the  glandular  depressions,  with  a  similar  form.     Both  have  the 

supraoccipital  foramina,  and  great  deficiency  of  bone  in  the 

anterior  wall  of  the  brain-case  and  interorbital  septum.     They 

differ  in  the  form  of  the  ethmoidal  wings.    A,  maculata  shows 

a  httle  bony  loop,  projecting  forwards  from  the  outer  border  of 

this  plate,  which  is  absent  in  the  dunlin.      In  the  pectoral 

sandpiper  this  ethmoidal  plate  is  not  carried  up  so  far  as  it  is 

in  Pelidna^  in  which  bird  it  absorbs  the  lacrymal  on  either  side. 

The  little  osseous  loop  on  the  ala-ethmoid,  referred  to  as  a 

character  in  A.  maculata,  is  seen  also  in  Bhyacophihts  aolitariiLS, 

Here,  however,  its  upper  limb  comes  down  from  the  lacrymal, 

to  throw  in  its  lower  limb  at  a  right  angle  to  the  ethmoid. 

This  explains  the  manner  in  which  it  is  developed,  and  accounts 

for  its  presence.     The  vomer  is  pointed  anteriorly  in  the  solitary 

tattler.     A  deep  median  pit  characterises  the  fronto-maxillary 

space  in  Ereunetes  ytMlvs, 

As  we  pass  from  the  genera  we  have  just  been  considering  to 
the  genus  GailiTiago,  we  are  at  once  confronted  by  a  widely 
different,  though  none  the  less  interesting,  series  of  characters  in 
the  skull.     Indeed,  so  diverse  is  the  plan  upon  which  these 
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birds'  heads  are  built,  that  I  believe  the  drawings  that  I  have 
made  to  accompany  this  paper  will  not  come  amiss  in  conveying 
an  idea  of  their  structure.  My  choice  has  been  the  skulls  of 
Gallinago,  PhUohda,  and  Jlimantopus,  though  many  others 
equally  engaging  might  be  added. 

The  greater  part  of  the  brain-case  in  Philoliela  and  GaUinago 
wUsoni  occupies  a  position  at  the  base  of  the  cranium.  This 
brings  the  foramen  magnum  into  the  horizontal  plane,  and 
crowds  other  parts  of  the  skull  to  the  front,  as  shown  in  the  cut. 
Although  the  supraoccipital  prominence  is  but  slightly  elevated, 
it  shows  the  usual  elliptical  foramina  noticed  in  many  other 
species  and  genera. 

A  wide  median  groove  is  found  along  the  skull  on  the  superior 
aspect  in  Gallinago,  which  is  shallower  in  Philohela,  although  in 
this  latter  bird  the  orbital  rims  are  more  elevated. 

A  true  septum  narium  exists  in  both  of  these  birds,  being 
most  complete  in  the  snipe.  The  large  lacrymal  sweeps  back- 
wards to  join  with  the  post-frontal,  thus  completing  the  orbital 
periphery  with  bone,  a  very  rare  condition  in  birds.  In  Gal- 
linago,  and  in  the  woodcock  too,  the  interorbital  septum  is  quite 
complete,  though  in  the  former  bird  many  small  deficiencies 
occur  in  the  bone  on  the  anterior  wall  of  the  brain-case.  The 
pterygoids  in  Philohela  are  exceedingly  short  and  thick,  the  facet 
for  the  basi-sphenoidal  process  occupying  nearly  the  entire  length 
of  the  shaft. 

In  the  mandible  of  the  snipe  and  woodcock  the  hinder  end 
is  bent  down  almost  at  a  right  angle,  and  the  ramal  vacuity  is 
unusually  large  in  GaUinago, 

EimarUopus  shows  an  entirely  different  form  of  skull,  as  we 
may  see  by  its  comparison  in  the  figures.  Viewed  superiorly, 
we  find  the  median  crease  very  deep  between  the  orbits,  and  the 
glandular  depressions  on  either  side  of  it  are  semilunar  in  form, 
strongly  stamped,  definite  in  outline.  Each  terminates  anteriorly 
in  a  sitigle  foramen,  that  pierces  the  roof  of  the  orbit  beside  the 
lacrymal  bone. 

The  interorbital  septum  in  the  black-necked  stilt  is  markedly 
deficient,  and  the  anterior  wall  of  the  cranium  does  not  fare 
much  better  in  this  respect.  Supraoccipital  foramen  of  the 
most  usual  form  are  found  in  this  bird  also,  the  muscular  lines 


OSTEOLOGY  OF  NUMENIUS  LONGIBOSTRIS.  65 

of  the  occiput  being  well  defined  above  them.  The  ethmoidal 
wings  are  but  feebly  developed,  and  the  descending  spine  of  the 
lacrimal  on  either  side  falls  far  short  of  reaching  this  bony  pro- 
jection. Upon  basal  view  we  find  the  palatines  long  and 
narrow,  with  the  vomer  slender,  and  terminating  in  a  sharp 
point  beyond. 

I  should  Lave  mentioned  that  the  most  delicate  vomer 
examined  is  that  of  the  woodcock,  in  which  bird  it  is  drawn 
out  to  absolute  hair-like  dimensions.  The  hinder  end  of  each 
articular  part  of  the  mandible  in  HimarUoptcs  has  the  appearance 
of  being  scooped  out,  so  as  to  form  a  semilunarform  cavity. 
Among  all  the  Limicolce  the  superficies  of  the  cranial  vault, 
restricted  to  the  parietal  region,  is  smooth  and  globular. 

Several  of  the  characters  attributed  to  the  skull  of  Uimantopus 
are  reproduced  in  Becurvirostra  americana.  Chief  among  these 
are  the  form  assumed  by  the  proximal  ends  of  the  mandible,  the 
narrow  ethmoidal  wings,  and  the  free-hanging  ends  of  the 
lacrymals,  though  the  main  part  of  these  bones  project  much 
farther  from  the  skull  than  they  do  in  the  stilt.  The  avocet 
differs  from  Himantopics  in  having  a  more  perfect  interorbital 
septum,  in  the  supraoccipital  foramina  being  circular,  in  the 
vomer  being  broad  and  widely  forked  at  its  expanded  anterior 
extremity,  in  the  shallower  glandular  depressions,  which  in  the 
avocet  merge  together  in  the  median  line,  and  are  carried  out 
on  the  projecting  lacrymals.  It  is  scarcely  necessary  to  call 
attention  to  the  vast  difference  in  the  form  of  the  skeleton  of  the 
bills  in  these  two  birds.  The  avocet  stands  alone  with  his 
upturned  mandibles,  and  even  the  beak  of  the  stilt  is  quite 
unique. 

Phalaropes  have  a  very  deficient  interorbital  septum ;  this  is 
particularly  the  case  in  Lobipes  hyperhoreus,  in  which  bird  it  may 
almost  be  said  that  it  lacks  any  bony  partition  between  the 
orbits  or  wall  to  the  adjoining  cranium.  Wilson's  phalarope 
{Steganopus  unlsoni)  is  somewhat  better  off  in  this  respect.  In 
these  birds,  the  margin  of  the  foramen  magnum  is  notched 
mesially  and  above;  and  as  in  all  the  limicoline  birds,  the 
pterygoids  articulate  with  basi-pterygoidal  processes  at  the  base 
of  the  cranium.  Skulls  of  both  the  American  oyster-catchers 
are  before  me,  and  a  very  casual  study  is  suflBcient  to  convince 
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one  that  they  are  deserviug  of  far  greater  elaboration  and 
detailed  description  than  I  will  be  permitted  to  bestow  upon 
them  on  this  occasion. 

Anatomists  will  appreciate  the  nature  of  this  disappointment, 
when  I  say,  that  not  only  is  the  complete  skeleton  of  Hceniatopus 
niger}  and  skulls  of  H.  palliatus^  at  my  hand,  but,  in  addition, 
Kidder's  type  specimens^  of  Chionis  minor,  that  were  used  in 
his  description  of  the  structure  of  that  bird,  in  his  valuable  paper 
on  "Contributions  to  the  Natural  History  of  Kergueleu 
Island;"^  also  a  most  perfect  skeleton  of  Alca  ^or(^,  presented  to 
me  several  years  ago  by  Mr  Forbes.^  Finally  to  say  nothing  of 
the  gulls,  petrels,  and  gallinaceous  fowls  to  any  number. 

An  engaging  row  of  skulls  is  facing  me  as  I  write  this,  and 
it  is  interesting  to  mark  the  gradual  subsidence  of  the  one 
character, — ^the  supraorbital  glandular  depression,  powerfully 
sculpt  in  the  skull  of  Alca,  and  riddled  w^ith  foramina  (a  very 
laige  one  on  either  side,  anteriorly).  Far  more  feebly  impressed 
in  Larus;  remaining  about  the  same  in  Hcematopu8  niger ;  to 
be  shallower  still  in  H,  pailiatics;  all  of  the  latter  three  having 
the  perforating  foramina  small,  and  less  and  less  numerous. 
Then  we  ascend  to  N,  longirostiHs,  where  it  is  still  evident,  less 
so  in  jST.  arquata,  to  finally  become  obsolete  in  iV.  hudsonicus. 
And  what  are  we  to  say  for  its  significance  in  Himantapus? 
So  very  marked,  and  with  the  single  anterior  foramen  (see  Larus) 
still  persistent. 

What  we  have  said  of  these  depressions  applies  with  equal 
force  to  the  crotaphite  fossse — though  a  longer  series  would 
show  this  better,  as  this  feature  has  died  out  before  reaching 
the  oyster-catchers.  The  lacrymals  are  very  prominent  in  these 
latter  named  birds,  and  from  a  superior  view  simulate  the 
LaridcB,  while  its  connections  below  with  the  ethmoidal  wings 
are  very  much  the  same  as  in  iV.  horealis,  or  longirosti'is  as  for 

^  Ko.  18636,  Collection  in  the  Smithsonian  Institution. 

^  Two  specimens  in  the  Army  Medical  Museum. 

'  Now  in  the  collection  at  the  Smithsonian  Institution. 

«  Bulletin  of  the  United  States  Natumal  Museum,  No.  S,  1876,  by  J.  H. 
Kidder,  M.D.  (at  that  time)  Passed  Assistant-Surgeon,  United  States  Navy. 

*  Mr  W.  A.  Forbes,  Prosector  to  the  Zoological  Society  of  London,  an 
anatomist  of  great  promise.  Since  died  at  the  post  of  honour,  on  a  scientific 
exploration,  at  Shonga,  Africa. 
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that  matter.  Yet,  on  the  other  hand,  but  very  little  trimming 
would  be  necessary  to  convert  the  lacrymal  of  a  curlew  into 
that  of  a  grouse.  Again,  the  connentions  of  the  descending 
process  of  this  bone  in  Zarvs  ddawarefnsis  is  precisely  as  I 
described  it  for  PhyacophUus  solitarius,  only,  of  course,  upon  a 
large  scale,  the  subject  itself  being  so  much  larger. 

I  find  in  JTcmnotopvs  niger  the  occipital  prominence  much 
elevated,  but  unpierced  by  the  foramen  described  for  other  forms. 
The  vomer,  bifid  behind,  is  carried  far  beyond  the  maxillo- 
palatines,  to  be  forked  at  its  tip.  But  one  fenestra  occurs  in 
the  interorbital  septum,  while  the  foramina  for  the  exit  of 
nerves  from  the  brain-case  are  distinct  for  each  pair. 

Of  the  Vertebral  Column. — There  are  fifteen  vertebrae  in  the 
cervical  portion  of  the  column  of  Ni  longiro^ris.  The  only  other 
complete  skeleton  I  have  of  a  curlew  {N.  horealis)  shows  the 
same  number,  so  we  may  pretty  safely  predict  that  this  count 
will  hold  good  for  the  genus.  Eibs  are  found  free  upon  the  two 
ultimate  vertebrae,  and  in  my  specimen  of  the  long-billed  curlew, 
the  thirteenth  vertebra  shows  persistent  sutures,  upon  the  lines 
of  anchylosis  of  the  pleurapophyses  on  either  side.  So  examples 
may  be  found  where  the  thirteenth,  fourteenth,  and  fifteenth,  or 
last  cervical  may  all  possess  free  ribs.  In  the  atlas,  the  neural 
arch  is  very  broad  from  before  backwards,  with  its  posterior 
angles  tipped  with  small  nodules  of  bona  The  cap  for  the 
occipital  condyle  is  perforated  by  a  minute  foramen  at  its  base, 
and  just  above  the  centre  we  find  the  neural  spine  of  the  axis, 
or  second  cervical,  to  be  represented  by  a  large  and  tuberous 
knob  of  bone,  and  the  transverse  processes  in  this  vertebra, 
which  are  directed  upwards,  backwards,  and  outwards,  are  un- 
usually stout  and  heavy.  The  "  odontoid  process  "  is  small,  and 
shows  an  articular  facet  on  its  inferior  aspect.  Beneath  the 
hyopophysis  is  a  strong  plate  of  bone,  pointing  backwards,  with 
thickened  border  below. 

The  third  vertebra,  has  well-developed  parapophysial  spines ; 
a  closed  vertebral  canal,  elliptical  foramina,  one  on  each  side, 
in  the  lamina  of  bone  extending  between  the  zygapophysial 
processes;  a  neural  and  hypapophysial  spine,  the  former  being  a 
small  plate  situated  posteriorly.  In  the  fourth  vertebra  these 
characters  are  all  still  present,  though  the  foramina  above  are 


68  DR   K.   W.    SHUFELDT. 

closed  io  only  by  an  extremely  slenler  int-.»r-zygapophy8ial  bar. 
The  fifth  vertebra  is  very  much  elongated;  the  mid  portion  of 
the  centrum  is  represented  by  a  median  longitudinal   lamina 
of  bone,  extending  between  the  more  solid  and  terminal  pieces 
that  support  on  their  outer  aspects  the  articular  facets  for  the 
vertebrae  before  and  behind  iL     The  neural  spine  is  reduced  to  a 
sharp  line ;  the  posterior  zygapophyses  are  outstanding  processes. 
The  sixth,  seventh,  eighth,  and  ninth  vertebrae  are  substantially 
the  same  in  character  as  the  fifth,  though  they  are  growing 
shorter  as  we  proceed  backwards.     They  show  also  the  open 
carotid  canal.     In  the  tenth  vertebra  this  is  replaced  again  by 
a  hypapophysis,  a  single  plate  placed  anteriorly  in  the  centrum 
beneath.    The  vertebral  canal  is  still  a  closed  passage,  and  the 
neural  spine  is  absent.    Extensive  pneumatic  foramina  exist  in 
all  the  ultimate  segments  of  the  cervical  division  of  the  spinal 
column.    The  eleventh  and  twelfth  vertebrae  are  slowly  changing, 
to  bring  about  what  we  find  strongly  developed  in  the  thirteentb. 
In  this  latter  we  observe  a  well-pronounced  double  neural  spine, 
occupying  a  mid   position  on  the  neural    arch.     The    post- 
zygapophyses  are  elevated,  but  still  project  outwards.    Anteriorly 
the  vertebra  is  very  broad  from  side  to  side,  owing  to  tlie  far- 
spreading  transverse  processes,  that  here  overarch  the  vertebral 
canal,  that  is  closed  in  beneath  by  the  anchylosed  ribs,  already 
alluded  to  above  as  being  a  character  of  this  vertebra.     Tlie 
lateral  aspects  of  the  centrum  show  a  deep  elliptical  pit  on 
each  side,  with   nnmerous  circular  pneumatic  perforations  at 
their  bases.     The  hypapophysis  is  a  single  plate,  occupying  the 
mid  portion  of  the  centrnm.     In  the   fourteenth  vertebra,  the 
ribs,  or  rather  the  delicate  pleurapophyses,  have  been  liberated; 
the  haemal  spine  exhibits  evidences  of  becoming  tricornuate; 
the  neural  spine  stands  well  above  the  vertebra,  as  a  tuberous 
and  solid  mass,  bearing  sharp  spines,  directed  backwards  upon 
its  outer  and  posterior  angles.    These  are  the  continuations  of 
the  lateral  raised  rims  of  the  neural  spine  proper,  and  they 
project  also  somewhat  anteriorly.     This  is  one  of  the  most 
prominent  features  of  the  fifteenth  or  last  cervical  vertebra ;  it 
is  explained,  however,  in  the  dorsal  series,  by  its  evolution  into 
the  ordinary  quadrate  dorsal  neural  spine,  with  the  forked  ex- 
tremities of  the  limiting  rim  at  their  crests.    The  haemal  spine 
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of  the  fifteenth  vertebra  is  triplicated,  having  three  plates, 
though  they  are  not  particularly  prominent.  In  it,  too,  the  free 
ribs  are  quite  long,  and  are  without  uncinate  processes. 

NuTnenin^s  borealis  shows  but  few  structural  departures  in 
ifcs  cervical  vertebrae  from  those  I  have  just  described  for 
N,  hngirostris.  The  cap  of  the  atlas  does  not  seem  to  be  per- 
forated at  its  base;  the  pleurapophyses  of  the  thirteenth 
vertebra  bear  no  striking  resemblance  as  yet  to  free  ribs,  as  they 
do  in  the  loug-billed  curlew.  The  carotid  canal  is  found  travere- 
ing  identically  the  same  vertebrae  in  mid-neck.  In  both  these 
curlews  there  are  five  vertebrae  in  the  dorsal  series,  all  articula- 
ting freely  with  each  other.  Above  they  have  long  osseous 
metapophysial  filaments,  that  stretch  for  the  length  of  one  or 
nearly  two  vertebrae  before  and  behind,  in  the  middle  of  this 
r^ion.  The  tendons  have  also  become  ossified  and  attached, 
and  reach  far  backwards  from  each  segment,  those  of  the  last 
running  into  the  ilio-neural  canals  of  the  pelvis.  The  first 
dorsal  vertebra  shows  two  little  lateral  processes  at  the  lower 
extremity  of  its  haemal  spine ;  this  plate  is  single  and  prominent 
in  the  next  vertebra,  but  does  not  appear  in  any  of  the  others. 
Each  dorsal  vertebra  has  a  pair  of  ribs,  of  the  most  common 
pattern,  as  seen  among  birds.  They  connect  with  the  sternum 
by  costal  ribs,  and  have  freely  articulated  uncinate  processes. 
These  latter  are  very  long  and  narrow,  reaching  nearly  in  mid- 
series  to  the  second  rib  to  their  rear. 

In  curlews  the  pelvis  also  supports  two  pair  of  free  ribs.  The 
first  pair  has  all  the  characters  of  the  dorsals,  being  simply 
slenderer  and  longer.  The  ultimate  pair  are  devoid  of  uncinate 
processes,  and  their  haeniapophyses  only  articulate  along  the 
posterior  borders  of  the  pair  in  front  of  them,  so  do  not  reach 
the  sternum.  1  find  in  my  specimen  of  N.  horecdis  an  additional 
piece,  or  free  costal  rib,  attached  to  the  posterior  border  of  this 
last  pair  of  costal  ribs  again  on  either  side. 

The  number  and  arrangement  of  the  vertebrae  and  ribs  of  the 
spinal  column,  as  far  as  examined,  agree  very  nearly  with 
lATOosa  fcedxt  and  Beairvirosira. 

In  Himantapus  the  number  of  cervdcals  and  dorsals  are  the 
same  as  in  Numenius,  but  there  appear  to  be  one  pair  less  of 
sacral  ribs. 
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The  genus  Batramia  also  agrees  with  the  curlews  in  this 
respect  Gallinago  has  an  additional  pair  of  dorsals,  conse- 
quently seven  articulating  facets  on  either  costal  border  of  the 
sternum.  It  seems  to  possess,  however,  but  fourteen  cervical 
vertebrse.  The  arrangement  in  the  phalaropes  is  as  it  is  in 
Himantopus,  i,e.,  short  of  one  pair  of  sacral  ribs. 

Enough  has  been  presented,  I  think,  to  demonstrate  the  fact 
that  these  characters  vary  among  the  limicoline  birds.  I  have 
other  skeletons  before  me,  but  they  have  either  been  mutilated 
at  the  time  of  collection,  or  indifferently  mounted  from  alcoholic 
specimens,  making  it  simply  impossible  to  gather  any  new  facts 
or  reliable  data  from  them. 

Of  the  Pelvis  and  Coccygeal  Vertebrm  (Plate  IV.  figs.  8,  9). — 
Viewing  the  pelvis  of  Nuvienius  longirostris  from   above,  we 
observe  that  the  total  pre-acetabular  area  is  about  equal  in 
extent  to  the  post-acetabular  area.    The  ilia  are  long  and  narrow, 
with  serrations  in  their  anterior  borders.    They  are  pretty  gene- 
rally concave  throughout,  having  a  small  triangular  concavity, 
bounded  by  a  raised  rim,  immediately  in  front  of  each  cotyloid 
ring.    About  their  anterior  thirds  they  closely  grasp  the  common 
neural  spine  of  the  sacrum  between  them,  thus  creating  closed 
ilio-neural  canals.    Posterior  to  the  acetabula,  these  bones  present 
a  convex  surface,  being  drawn  out  behind  into  prominent  processes, 
that  curve  inwards.    They  develop  outstanding  bony  shelves,  that 
overhang  the  anterior  half  of  each  ischiadic  foramen.     The  sac- 
rum does  not  unite  with  the  post-acetabular  part  of  the  ilia,  a 
very  marked  interspace  existing  between  them.    A  double  row 
of  elliptical  foramina  pierce  this  former  bone,  as  shown  in  the 
drawing  in  the  plate.    They  occur  between  the  transverse  pro- 
cesses of  the  vertebrae,  and  have  nearly  the  same  direction. 

Upon  a  lateral  view,  the  long  and  pointed  ischium  is  pre- 
sented to  us.  Posteriorly,  it  reaches  nearly  as  far  backwards  as 
the  pubic  bone,  the  latter  resting  against  its  inferior  edge  in  this 
locality.  The  pubic  bone  does  not  quite  close  in  the  obdurator 
foramen  in  any  of  the  curlews. 

Above,  we  find  the  ischiadic  foramen,  which  in  Numenius  is 
very  large  and  elliptical  in  outline.  The  relations  to  each  other 
of  these  foramina  can  best  be  seen  by  a  study  of  the  figure  given 
in  the  plate. 
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After  a  careful  count  of  the  vertebrae  of  the  sacrum  od  the 
inferior  or  inner  side  of  the  pelvis,  there  seem  to  be  fourteen. 
The  two  anterior  ones  throw  out  diapophyses  to  the  ilia,  and 
bear  the  facets  for  the  sacral  ribs.  In  the  third  vertebra  these 
processes  are  extended  almost  directly  upwards;  while  in  the 
fourth  and  fifth,  again,  they  are  horizontal,  as  in  the  first  and 
second.  From  the  points  where  the  diapophyses  of  the  fifth 
meet  the  ilia,  these  bones  sweep  outwards,  and  are  fashioned 
to  enclose  the  basin  of  the  pelvis.  The  tenth  sacral  vertebra 
throws  out  a  strong  pair  of  transverse  processes,  that  have 
widely-dilated  extremities  abutting  against  facets,  especially 
developed  to  meet  them,  from  the  ilia,  immediately  posterior 
to  the  acetabulum  on  either  side. 

Foramina,  for  the  exit  of  the  sacral  nerves,  are  double,  one 
being  placed  above  the  other,  the  increase  of  calibre  in  the 
neural  canal  for  the  corresponding  dilatation  of  the  cord  taking 
place  in  the  sacral  vertebrae  from  the  fourth  to  the  ninth 
inclusive. 

Although  more  delicately  constructed,  the  pelvis  of  N,  horealis 
agrees  substantially  in  all  particulars  with  this  bone  in  its  more 
powerful  relative,  the  sickle-bill. 

There  are  ten  coccygeal  vertebrae  in  N.  longirostris,  which 
count  includes  the  triangular  and  rather  large  pygostyle. 

Among  others  of  the  Limicolce,  the  form  of  the  pelvis  is 
stamped  with  the  same  general  characters  as  I  have  described  it 
for  N.  longirostris.  To  be  sure,  it  varies  in  every  genera  in 
more  or  fewer  details ;  but  to  show  these  correctly,  and  to  give 
any  just  conception  of  tbem,  would  require  a  carefully  executed 
series  of  drawings,  which  cannot  be  taken  up  in  the  present 
connection. 

The  foraminal  openings  in  the  sacrum  of  GallinagOy  and  more 
especially  in  Batrainia,  are  in  a  single  row  on  each  side,  but 
unusually  large.  The  row  is  double  in  the  pbalaropes,  Totanus 
and  Triiigmles,  In  the  oyster-catchers  the  pelvis  has  some- 
thing more  than  a  bare  suspicion  of  the  gallinaceous  type.  Its 
general  appearance  is  decidedly  such. 

In  several  of  the  genera  the  number  of  coccygeal  vertebrae 
ungrasped  by  the  pelvic  bones  varies.  The  curlews,  as  we  have 
just  seen,  possess  ten,  including  the  pygostyle.    This  is  the  case 
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also  with  ffccmatapus  and  others ;  but  Becurvirostra  appears  to 
have  but  nine«  in  common  with  Symphemiay  whereas  a  specimen 
of  Totanus  flavipes  shows  but  eight  This  cannot  fail  but  be 
interesting  if  the  count  be  constant.  With  the  material  I  have 
at  hand,  however,  I  cannot  present  with  safety  any  further 
facts  than  these  here  given. 

Of  the  Shmlder  Girdle  (Plate  IV.  figs.  1,  2,  and  5).— We  find 
in  Nuvienius  longirostris  the  usual  bones  allotted  to  tliis  arch, 
free,  and  articulated  in  the  manner  as  commonly  seen  in  the 
vast  majority  of  the  class.  The  shape  of  the  furculum  is 
upon  the  broad  U -variety,  and  is  broader  in  this  curlew  than  it 
is  in  others  of  the  same  genus,  and  still  more  so  than  in  the 
plovers.  Viewing  it  laterally,  we  observe  also  that  it  is  very 
decidedly  curved  upon  itself,  with  the  convexity  directed  for- 
wards when  in  situ.  When  articulated,  the  long  and  pointed 
clavicular  heads  rest  on  either  side  against  the  inner  aspects  of 
the  summits  of  the  coracoids,  while  the  tips  extend  backwards 
to  meet  the  usual  process  furnished  by  each  scapula.  This 
brings  the  hypocleidium  about  opposite  the  middle  of  the 
anterior  border  of  the  sternum,  from  which  it  is  separated  by 
quite  an  interspace. 

The  clavicles  are  broader  and  larger  at  their  superior  or 
coracoidal  extremities,  being  compressed  from  side  to  side. 
Above,  the  broacji  surface  looks  outwards;  but  it  is  gradually 
changed  in  direction  as  wc  descend  to  the  hypocleidium,  so  that 
below  it  looks  forwards  (Plate  IV.  fig.  2).  The  hypocleidium  is 
of  a  quadrate  form,  rather  small,  and  has  an  extension  of  its 
posterior  border  carried  up  behind  on  the  line  of  the  median 
clavicular  union. 

In  iV;  barealis  (No.  12,595,  Smithsonian  Collection)  the  fur- 
culum possesses  all  the  characters  I  have  described  for  the  long- 
billed  curlew.  As  already  intimated,  however,  the  arch  of  the 
U  is  not  as  open,  the  clavicular  heads  are  not  so  pointed,  and 
the  hypocleidium  is  nearly  round  in  form,  not  being  so  per- 
ceptibly carried  up  on  the  clavicles  at  their  point  of  meeting 
below.  Among  the  plovers  I  find  that  it  has  the  same  general 
characteristics,  and  holds  the  same  relative  position  when 
articulated  to  the  other  bones  of  the  shoulder  girdle. 

In   Charadrius  dominicm  the  furculum  is  more  delicately 
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coDstructedy  being  somewhat  smaller  in  proportion  when  com- 
pared with  the  other  bones.  The  hypocleidium  is  very  small  in 
a  specimen  of  ^gicdites  voceiferus  (Army  Med.  Mus.,  No.  150). 

This  holds  good  also  for  the  avocet  and  the  godwit,  although 
in  these  birds  it  is  a  little  larger  in  proportion,  more 
especially  in  the  godwit.^  The  outer  aspect  of  the  clavicular 
limbs  above  in  Gallinago  wilsani  and  Toianus  flavipes  are 
grooved  in  the  direction  of  the  long  axis  of  the  bone  on  either 
side.  We  find  this  feature  moi*e  or  less  marked  also  in  Tringa. 
In  these  birds,  too,  the  hypocleidium  is  formed  very  much  as  we 
found  it  in  the  curlews,  this  character  being  nearly  aborted  in 
Hcematopus,  although  here  the  other  general  characters  of  the 
furculum  remain  the  same. 

The  coracoid  of  Numenius  longirostris  is  comparatively  a  short, 
thick-set  bone,  as  scarcely  any  true  shaft  exists  between  its 
humeral  and  sternal  extremities.      Such  as  it  is,  however,  is 
transversely  elliptical  on  section,  and  occurs  just  below  the  inner 
process  at  the  head  of  the  bone.     The  sternal  extremity  is  broad 
from  side  to  side,  in  which  direction  it  is  also  convex  anteriorly 
and  concave  behind.    Below,  the  sternal  margin  is  divided  into 
two  deep  concavities ;  the  inner  and  broader  one  is  completely 
occupied  by  the  articular  facet  for  the  sternum.     The  outer  is 
sharp  and  free,  having  attached  to  its  upper  horn  a  pointed  and 
up-tilted  little  spine,  that  I  will  call  the  costal  spiTie  of  the  cora- 
coid, it  being  opposite  the  costal  border  of  the  sternum.     On  tlie 
outer  aspect  of  the  bone  we  find  the  usual  elliptical  facet,  that 
here  forms  about   two-thirds  of  the  glenoid  cavity  (Plate   IV. 
fig.  5).     The  summit  of  the  bone  consists  of  a  massive  hooked 
process,  directed  forwards  and  inwards.     Above  and  behind  it  is 
impressed  by  a  shallow  concavity,  while  its   inner  surface   is 
devoted  to  an  elongated  facet  tor  head  of  clavicle.     Below  this, 
on  the  inner  side,  we  find  another  lamelliform  process,  curving 
inwards,  upwards,  and  forwards,  that  at  its  tip  also  comes  ia 
contact  with  the  clavicle  when  the  bones  are  in  situ.     The 
posterior  margin  of  this  latter  process  is  given  up  wholly  to  the 
scapula,  which  in  life  abuts  against  its  entire  length,  as  well  as 
the  shaft  behind  is  to  the  glenoid  cavity. 

^  Limosa  foeda  (No.  1652,   Army  Med.  Mas.  CoUection)  and  Seairvirosira 
americana  (Nos.  1596  and  1387,  from  the  same  coUection). 
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In  Nvmenius  borecUis  the  coracoid  is  a  mere  miniature  of  the 
bone  we  have  just  described  for  the  "sickle-bill."  Its  costal 
process  is,  however,  much  less  strongly  marked,  and  would 
hardly  attract  special  notice.  The  coracoids,  as  well  as  the 
other  bones  of  the  shoulder  girdle,  are  non-pneumatic  in  the 
genus  Numenms,  and  I  believe  generally  so  among  the  Limi- 
colce. 

When  articulated,  the  coracoids  lean  well  forwards  as  they 
spring  from  their  sternal  beds  in  the  curlews,  while  the  scapulae 
make  angles  with  them  of  about  90''.  They  do  not  quite  meet 
in  the  median  line  in  any  of  the  species,  but  are  separated  at 
this  point  by  a  thin  compressed  surface  on  top  of  the  manu- 
brium. 

The  coracoids  touch  each  other  in  the  median  plane  over  the 
manubrial  process  in  the  genera  Recurvirostra  and  ffcematopus. 

Syviphemia  semipalmata,  Totanus  flavipes,  and  Bartramia 
longicauda  all  have  the  costal  process  of  the  coracoid  quite 
prominently  developed ;  in  Livwrn  ^cropygialis  (Smithsonian 
Collection,  No.  12,590)  it  is  broad  and  quadrilateral  in  outline, 
and  but  slightly  curved  upwards. 

The  anterior  extremity  of  the  scapula  in  N,  longirostris  is 
decurved,  broad,  and  compressed  from  above  downwards.  The 
blade  of  the  bone,  which  is  comparatively  long,  becomes  thinner 
and  slightly  wider  posteriorly,  to  be  very  obliquely  truncate  at 
the  inner  side  of  its  posterior  third.  The  angles  thus  formed  are 
well  rounded  off,  leaving  this  element  of  the  shoulder  girdle 
without  any  decided  character  attached  to  it  (Plate  IV.  figs.  1 
and  5,  s).  N,  horcalis  has  the  hinder  moiety  of  the  scapula 
broader,  more  blade-like,  the  truncation  more  decided,  and  its 
tip  in  the  articulated  skeleton  overhanging  the  anterior  margin 
of  the  ilium.  Among  the  plovers,  and  in  all  the  phalaropes,  the 
blade  of  this  bone  is  long  and  narrow,  being  propoitionately 
short  in  the  black-necked  stilt  (Himantopus  muxicanns).  As  a 
rule,  in  the  Limicolm  it  nearly  always  reaches  back,  in  life,  to 
the  ilium  on  either  side, — some  forms  of  THnga  seemingly 
forming  an  exception. 

Of  the  Sternum  (Plate  IV.  figs.  6  and  7). — Avocets,  godwits, 
plovers,  snipes,  and  curlews,  all  being  birds  possessed  of  more 
or  less  power  of  flight,  we  naturally  look  for  a  correspondingly 
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well-developed  Bternum  Id  one  subject.  In  this  regard  we  are 
by  no  means  disappointed,  for,  taking  the  general  size  of  K  longi- 
rastris  into  consideration,  this  bone  is  unusually  large.  The 
manubrium  is  for  the  most  part  a  thin  compressed  median  plate, 
with  sharp  edge  below  and  thickened  border  above.  At  its  base, 
superiorly,  it  is  contracted  again  to  an  edge,  that  just  keeps  the 
coracoids  apart  in  the  articulated  skeleton.  The  coracoidal 
grooves  lie  in  the  horizontal  plane ;  they  are  broad  from  above 
downwards,  convex  at  their  middles,  and  concave  at  their  inner 
and  outer  limits.  Anteriorly  the  margin  of  the  keel  is  very 
sharp,  being  carried  clear  up  to  the  base  of  the  manubrial 
process.  It  appears  above,  however,  merely  as  a  line  on  the 
front  of  the  fortified  column  of  bone  that  descends  in  this  situa- 
tion, to  be  gradually  lost  as  its  expands,  on  either  side  of  the 
keel  below,  within  this  anterior  margin.  The  carinal  angle  in 
N.  longirostris  is  rounded  in  front,  being  partly  covered  by  the 
raised  rim  that  bounds  the  entire  length  of  the  keel  below. 
This  latter  part  of  the  sternum  is  exceedingly  deep,  being 
carried  backwards  to  the  very  end  of  the  sternal  body  by  a 
graceful  curve  (Plate  IV.  fig.  7). 

Upon  the  costal  border  we  observe  six  transverse  facets  for 
articulation  with  the  hsemapophyses.  They  are  limited  beyond 
by  a  low  quadrate  costal  process — a  feebly-pronounced  feature 
in  the  sternum  of  our  curlew.  So  high  do  the  sides  of  the 
sternal  body  itself  arise,  that  it  reminds  one  very  much  of  a  very 
deep  spoon,  with  slender  processes  projecting  from  its  free 
border  in  front,  corresponding  to  the  hinder  border  of  the 
sternum.  These  processes  are  four  in  number,  two  on  either 
side,  making  our  sternum  a  four-notched  one.  Their  shape 
and  arrangement  can  best  be  seen  by  referring  to  my  drawing 
in  the  plate,  where  they  are  shown  in  fig.  6.  On  the  superior 
aspect  of  the  sternum,  in  the  median  line,  and  just  within  the 
anterior  boundary,  we  find  a  deep  pit,  with  rounded  margins. 
At  its  base  there  seem  to  be  a  few  minute  pneumatic  perforations. 
The  usual  muscular  lines  are  found  to  be  strongly  marked  on 
the  sternal  body  and  keel  in  this  curlew,  being  carried  back  in 
each  case  nearly  to  its  xiphoidal  extremity. 

The  chief  differences  presented  to  us  in  the  sternum  of  N, 
barecUis  are  a  greater  width  of  the  mid-process  posteriorly,  and  a 
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very  decided  protrusion  forwards  of  the  carinal  angle  anteriorly. 
In  all  other  respects  the  sternum  of  the  Eskimo  curlew  seems  to 
be  the  very  miniature  of  the  bone  I  have  just  described  for  the 
long-billed  variety. 

Professor  Owen  tells  us  that  "  the  woodcock  (Scolopax)  has  a 
pair  of  notches,  with  the  outer  boundary  slender,  and  shorter 
than  the  broad  intermediate  tract;  the  gambets  (Totamcs), 
avocets,  sandpipers  (Tringa),  curlews  (Numenius),  pratincoles 
(Glareola),  have  the  four-notched  sternum.  In  the  godwits 
(Limosa,  Helias)  the  medial  notches  are  almost  obsolete,  and  the 
lateral  ones  wide.  The  '  thick-knees '  (CEdicTiemus)  and  bustards 
{Otis)  have  the  four-notched  sternum,  the  notches  being  small."  ^ 
To  this  we  may  add  that  the  inner  pair  of  notches  in  Liinosa 
uropygialiSy  which  are  very  small,  are  smaller  than  they  are  in 
L.  fceda.  The  inner  notches  disappear  altogether  in  Gallinago 
wUsoni,  although  the  outer  pair  are  very  deep.  They  are  about 
of  equal  size  in  Hcematopus  niger  and  H,  palliatus,  while  in 
Totanus  the  inner  pair  again  become  smaller,  which  is  still  better 
seen  in  THngordes  ToactdaHus  (No.  862,  Collection  in  Army 
Medical  Museum),  and  less  so  in  Heteroscelus,  Steganopus  vnlsoni, 
and  other  phalaropeS;  and  have  a  sternum  very  much  like  N. 
borealia,  only  much  smaller  in  size,  though  no  smaller  in  propor- 
tion for  the  bird.  The  inner  notches,  however,  seem  to  be 
smaller.  Bartramia  shows  a  small  pair  of  inner  notches  in 
the  sternum,  with  very  deep  outer  ones. 

Actodromus  rmnutilla  and  Ureunetes  pusillvs  both  possess  four 
notches,  as  does  also  the  black-necked  stilt  {Himantop^is  mexi- 
canus).  So  that,  of  all  the  material  that  I  have  been  able  to 
examine,  or  has  been  available,  in  this  great  snipe-plover  group 
— the  Limicolm — the  only  form  detected  with  but  a  single  pair 
of  notches  at  the  xiphoidal  extremity  of  the  sternum  is  Galli- 
nago wilsonL  The  sternum  in  this  bird  differs  also  in  other 
respects.  The  carinal  angle  is  carried  far  forwards ;  the  manu- 
brium is  almost  completely  aborted ;  the  anterior  border  of  the 
keel  is  very  decidedly  concave ;  and  the  pectoral  muscular  lines 
on  the  sides  of  the  carina  are  raised  and  rounded  welts. 

> 

Of  the  Appendicular  Skeleton — The  Pectoral  Limb  (Plate  IV. 
lig.  4,  and  Plate  V.  fig.  4). — It  follows,  as  a  natural  consequence, 

^  Comp,  Anat.  and  Fkys,  of  Vertebrates^  vol.  ii.  p.  26. 
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the  members  of  this  group  all  being  good  strong  flyers,  that  we 
find  the  skeleton  to  their  ample  wings  a  thoroughly  well- 
developed  one.  As  a  rule,  with  the  LimicolcB  generally,  the 
bones  entering  into  the  brachium,  antibrachium,  and  manus  arc; 
long,  straight,  and  of  considerable  calibre.  From  the  material 
I  have  at  hand,  I  have  failed  to  detect  a  pneumatic  bone  in 
either  extremity.     They  certainly  are  not  so  in  the  curlews. 

The  OS  httmerO'Scapidare  seems  to  be  absent,  its  place  being 
filled  by  ligament  as  in  other  birds  where  this  ossicle  does  not 
appear. 

The  humerus  of  Numenius  longirostris  has  a  shaft  that  is  much 
straighter  than  is  commonly  seen  among  birds,  where  it  is  usual 
to  describe  it  as  being  formed  like  a  long  /.  Its  proximal  ex- 
tremity is  comparatively  widely  expanded,  which  expansion 
includes  the  graceful  canopy  that  arches  over  the  site  of  the 
pneumatic  orifice  in  forms  where  it  occurs.  A  deep  notch 
divides  this  from  the  articular  facet  or  head  for  the  glenoid 
cavity. 

The  "  radial  crest "  is  well  developed,  and  bent  outwards  al- 
most at  a  right  angle  with  the  vertical  plane  of  the  bone  when 
in  a  position  of  rest  Should  a  section  of  mid- shaft  be  made, 
the  figure  would  be  very  nearly  circular;  it  becomes  triedral, 
proximally  and  roughly  elliptical  towards  the  distal  end.  This 
latter  extremity  offers  one  point  of  interest, — it  consists  in  a 
strong  lamelliform  process,  projecting  from  the  radial  border  of 
the  shaft,  immediately  above  the  oblique  tubercle.  It  appears 
to  be  a  prominently  developed  external  condyle.  When  the 
skeletal  limb  is  closed  and  in  situ,  this  humeral  process  overlaps 
the  neck  of  the  radius ;  or,  as  in  JB'cematoptts,  the  head  of  this 
bone,  which  actually  articulates  in  a  semilunar  facet  at  its 
base.  If  my  memory  serves  me  correctly,  it  is  intended  for 
muscular  attachment. 

This  process  is  more  or  less  developed  in  all  of  the  members 
of  this  group,  at  this  point  on  the  humerus,  so  far  as  I  have 
been  able  to  examine  them.  Nothing  of  importance  attaches  to 
the  remaining  points  for  examination  at  this  extremity  of  the 
bone  in  our  curlew,  they  simply  presenting  the  usual  form  as 
found  in  the  majority  of  the  class. 
Viewed  from  above  the  shaft,  the  vina  is  seen  to  have  a  long. 
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gentle  curve,  extending  from  one  end  of  the  bone  to  the  other, 
being  the  greatest  near  its  proximal  extremity. 

The  papillae  for  the  quill  butts  along  the  shaft  are  quite  dis- 
tinct in  this  bird,  and  still  more  in  the  oyster-catcher,  where 
they  present  the  unusual  condition  of  being  narrow  and  oblong 
in  shape,  and  placed,  as  it  were,  obliquely  on  the  shaft.  To  the 
inside  of  these  a  secondary  row  is  seen,  running  down  the  shaft 
longitudinally.  These  little  protuberances  are  scarcely  percep- 
tible in  the  phalaropes  or  in  Tringa, 

The  radius  of  N.  longirostris  does  not  exhibit  so  much  of  a 
curve  in  its  shaft  as  its  companion  in  the  antibrachium,  though 
it  is  gently  bent  throughout  its  length.  A  concavity  is  scooped 
out  of  its  shaft  near  the  head,  over  which,  I  take  it,  tendons 
pass  in  life. 

The  carjpus  contains  the  two  free  bones  ordinarily  found  there 
in  birds  articulating  after  the  usual  manner.  In  form  these 
two  carpal  segments  always  remind  me,  the  ulndre,  of  a  human 
molar  tooth  from  the  milk  set  of  the  lower  jaw,  and  the  radiale 
of  one  of  those  chipped,  irregular  pebbles  we  sometimes  see. 

All  of  the  LimicolcB,  so  far  as  I  have  seen,  are  endowed  with  a 
remarkably  long  hand.  If  we  allow  the  bones  of  the  carpus  to 
be  added  to  it,  its  length  in  the  sickle-bill  is  fully  equal  to  that 
of  the  ulna.  £ach  bone  lends  its  due  share  in  proportion  to 
produce  this  result,  and  one  that  strikes  us  at  once  in  the  arti- 
culated skeleton  of  the  bird.  The  shaft  of  the  second  metacarpal 
is  for  the  most  part  cylindrical  in  form,  while  its  anchylosed 
companion  is  of  very  slender  proportions.  I  find  in  Numewkcs 
and  Hcematopus  a  delicate,  curved,  and  free  joint,  suspended  from 
its  distal  end  (Plate  V.  fig.  4,  x). 

There  is  an  ample  expanded  portion  springing  from  the 
posterior  aspect  of  the  first  digit  of  second  metacarpal.  It  is 
produced  downwards  as  a  flattened  and  peg-like  process,  not 
commonly  seen.  This  phalanx  supports  below  one  more  long 
and  slender  joint.  The  smaller  digit  of  third  metacarpal  has  a 
shape  not  unlike  a  compressed  claw,  as  it  hooks  over  the  ex- 
panded portion  of  the  finger  at  its  side. 

The  Pelvic  Liirib, — After  the  process  of  maceration  and  drying, 
the  femur  of  this  curlew  has  all  the  appearance  of  a  pneumatic 
bone,  but  careful  search  fails  to  discover  the  orifices  at  their 


OSTEOLOGY   OF  NUMENIUS  LOyGIROSTIlIS.  79 

accustomed  site,  though  a  few  very  minute  openings  are  to  be 
seen  on  the  opposite  side  of  the  bone,  below  the  facet  This,  1 
must  believe,  would  be  an  unusual  locality  for  such  foramina. 
The  femoral  shaft  in  Numenius  is  straight,  smooth,  and  cylin- 
drical, with  all  muscular  lines  nearly  obsolete.  A  rough  surface 
is  found  on  the  back  of  the  trochanterian  prominence,  and  this 
portion  rears  well  above  the  facet  at  the  summit. 

The  pit  for  ligamentum  teres  is  very  shallow,  and  rather 
irregular  in  outline.  Several  of  the  characteristic  features  of 
the  distal  extremity  of  the  bone  are  more  keenly  defined  than 
those  just  described  for  the  proximal  end.  The  intercondyloid 
notch  is  deeply  excavated ;  the  anterior  border  of  the  external 
condyle  is  a  sharp  crest,  while  the  corresponding  surface  on  the 
internal  one  is  evenly  rounded.  Upon  the  reverse  aspect  we 
find  the  popliteal  depression  well  sunken,  and  the  notch  for  the 
head  of  fibula  cleanly  cut  out.  A  tubercle  and  pit  exist  on  its 
outer  and  condyloid  side  for  ligamentous  attachment. 

The  length  of  the  tibia  in  this  curlew  is  double  that  of  the 
femur,  and  the  shaft  of  the  bone  has  a  general  convexity  inclined 
outwards.  Sections  taken  through  its  middle  third  are  sub- 
ellipses,  and  the  expanded  extremities  are  rather  abruptly 
attached,  more  particularly  the  proximal  one.  Here  the  pro- 
and  ecto-cnemial  processes  rise  squarely  from  the  shaft,  showing 
but  little  of  that  tendency  to  merge  gradually  into  it  below. 
The  ectocnemial  process  is  shaped  like  a  claw,  with  its  point 
inclined  downwards.  Its  fellow  is  much  larger,  slightly  turned 
outwards,  quadrilateral  in  figure,  with  the  angles  rounded  off. 
They  are  produced  upwards  as  a  rotular  process  to  a  very  slight 
extent.  The  fibular  ridge  stands  out  from  the  shaft  on  its  outer 
aspect  as  a  prominent  and  rather  extended  crest  of  bone. 

At  the  distal  extremity  we  find  the  inner  condyle  to  be 
smaller  than  the  opposite  or  outer  one,  as  well  as  proportionately 
narrower  from  above  downwards.  In  the  groove  between  them 
anteriorly  the  tendinal  bridge  is  ossified,  the  span  being  thrown 
directly  across,  and  not  obliquely,  as  it  is  in  some  birds.  Pro- 
minent tubercles  exist  on  either  side,  immediately  above  it,  for 
ligamentous  attachment,  as  an  additional  bridge  is  formed  of 
this  material  at  this  point. 

Th^  fibula  is  compressed  from  side  to  side  above,  and  club- 


80  DR  R.   W.   SHUFELDT. 

shaped.  After  articulating  with  the  ridge  designed  for  it  on  the 
tibia,  it  merges  into  the  shaft  of  this  bone  a  little  over  half-way 
down,  measuring  from  the  proximal- extremity. 

Himantopus,  with  its  pelvic  limb  of  twenty-nine  centimetres 
in  length,  has  a  fibula  that  descends  but  one-fourth  the  distance 
down  the  tibial  shaft. 

The  patella  in  Numenius  is,  comparatively,  very  small,  and 
of  an  odd,  irregular  shape.  Hceviatopus  has  the  bone  only  re- 
presented in  a  diminutive  cartilaginous  nodule,  and  I  am  inclined 
to  think  that  this  sesamoid  will  be  found  missing  in  other  limi- 
coline  birds  of  our  fauna.  It  appears,  though  of  no  very  great 
size,  in  the  willet  and  avocet. 

The  tarso-vietatarsus  of  Numeniits  is  but  little  over  a  centimetre 
shorter  than  its  tibia.  Upon  the  superior  surface  of  its  proximal 
extremity  the  articular  facets  for  the  tibial  condyles  are  deeply 
impressed,  and  a  prominent  tubercle  arises  between  them  on 
the  anterio^rim.  Behind,  the  hypo-tarsus  is  bulky,  being  both 
grooved  and  pierced  for  the  passage  of  the  tendons.  The  shaft 
of  this  bone  is  concave  longitudinally  for  its  entire  length  on 
the  anterior  aspect,  and  less  so  upon  the  posterior.  The  troch- 
lear prolongations  at  the  distal  end  are  large,  and  the  extremity 
much  expanded,  a  feature  still  more  prominent  in  the  swift- 
footed  Ha:7natopvs, 

The  oyster-catcher  presents  us  with  another  very  interesting 
point  in  its  tarso-metatarsus,  which  is  very  well  shown  in  the 
specimen  1  have  in  my  hand.  It  consists  in  the  outgrowth 
upon  the  site  of  the  usual  place  for  articulation  of  the  "  accessory 
metatarsal "  of  a  little  plate  of  bone,  placed  vertically,  and  formed 
almost  like  a  spur,  with  squarely  truncate  extremity. 

Another  three-toed  limicoline  bird,  Eimantopxts,  is  devoid  of 
any  such  protuberance  on  its  tarso-metatarsus,  and,  as  a  rule, 
the  hallux  being  small  in  so  many  members  of  the  group,  this 
bone  never  becomes  of  any  size  among  them. 

In  number,  the  phalanges  of  the  podal  digits  are  arranged 
upon  the  common  plan,  and  in  no  instance  offer  us  anything 
beyond  the  well-known  characteristics  that  pertain  to  the  skeletal 
foot  of  a  typical  wader. 
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DESCMPTION  OF  PLATES  IV.  AND  V. 

Plate  IV. 

Fig.  1.  Direct  anterior  aspect  of  left  coracoid  and  scapula  of 
Numentua  longirostris.  s,  acapnia ;  Cy  coracoid ;  life  size,  from  a  speci- 
men taken  by  the  author  in  Wyoming. 

Fig.  2.  The  forcolum  of  Numenius  longirogtrisy  from  the  same 
specimen ;  a  three-quartering  view  from  the  right  side,  life  size. 

Fig.  3.  Right  lateral  view  of  skull  of  NumeniuB  UMgirostns,  with 
mandible  attached,  from  the  same  specimen,  life  size,  sf^  supra-occi- 
pital foramen;  q,  quadrate;  pt^  pterygoid;  Jy  jugal;  pi,  palatine; 
t^  points  of  meeting  of  nasal  and  maxillaiy ;  h,  subDarinal  bar ;  ky  pre- 
maxillary ;  j,  culmen ;  n,  nasal ;  l,  lacrymal ;  eth,  ethmoidal  wing. 

Fig.  4.  Eight  humerus  of  Numenius  longirosirisy  anconal  aspect, 
life  size,  from  the  same  specimen. 

Fig.  5.  Lateral  view  of  right  scapula  and  coracoid  of  iV.  longirostrU^ 
life  size,  same  specimen  as  the  others. 

Fig.  6.  L[iferior  view  of  sternum  of  Numenius  hmgirostrisy  life  size, 
same  specimen  as  above. 

Fig.  7.  Eight  lateral  view  of  sternum  of  Numenius  longirostris,  life 
size,  same  specimen. 

Fig.  8.  Left  lateral  view  of  pelvis  of  N.  l&nffirostris,  life  size,  from 
the  same  specimen. 

Fig.  9.  The  pelvis  of  Numenius  longirostris^  viewed  from  above, 
life  size,  and  taken  from  the  same  specimen. 

Plato  V. 

Fig.  1.  Basal  and  superior  views  of  the  skull  of  N%imenius  longi- 
rostriSj  life  size ;  a,  the  basal  view,  lower  mandible  removed ;  b,  the 
superior  view,  like  lettering  designating  like  parts,  pmx,  premaz- 
illary ;  v,  vomer ;  pi,  palatine ;  m,  maxillaiy ;  n,  nasal, ;  eth,  lateral 
wing  of  ethmoid ;  I,  lacrymal ;  q,  quadrate ;  pt,  pterygoid ;  fm,  foramen 
magnum  ;  sf,  supraoccipital  foramen ;  also  in  a,  sn,  the  subnarinal  bar, 
and  sn'  its  position  in  dotted  lines  as  drawn  away  from  the  premazil- 
laiy  on  either  side.  Li  b,  i,  the  point  of  meeting  of  nasal  and 
msoillary. 

Fig.  2.  Eight  lateral  views  of  the  skulls  of  Numenitis  hudsonicus 
(o,  the  upper  figure),  and  N.  horealis  (d,  the  lower  one).  Life  size, 
from  the  collection  at  the  Army  Med.  Mus.  (Nos.  457  and  928 
respectively),  pmx,  the  premazillary ;  n,  the  nasal ;  I,  the  lacrymal ; 
q,  the  quadrate;  pi,  palatine;  a,  articular;  d,  dentary;  h,  the 
subnarinal  bar. 

Fig.  3.  Left  lateral  views,  life  size,  of  skulls  of  Philohela  minor 
(E,  No.  449,  Army  Med.  Mua  Collection),  Qallinago  wHsoni  (F,  No. 
898,  Army  Med.  Mus.  Collection),  and  Himantopus  m^xUanus  (G, 
No.  1359,  Army  Med.  Mus.  CoUection).  n,  nasal ;  pi,  palatine ;  pt, 
pterygoid ;  q,  quadrate ;  and  a,  articular. 
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Fig.  4.  Palmar  aspect  of  hght  manus  of  Numenius  longirogtrts, 
showing  also  distal  extremities  of  radius  and  ulna,  life  size,  r,  radius ; 
u,  ulna;  «,  scaphoid  (radiale);  c,  cuneiform  (ulnare);  p,  pollex;  a:, 
claw  on  pollex  ;  i',  index  metacarpal  of  carpo-metacarpus ;  i'\  its  first 
or  proximal  phalanx  ;  /'",  its  distal  phalanx ;  m',  medius  metacarpal  of 
carpo-metacarpus ;  m'\  its  digit.  Limh  from  the  same  specimen  that 
fumLBhed  the  drawings  for  the  plate. 

Fig.  5.  Parts  of  right  pelvic  limh  of  Numenius  longirostriSy  life 
size,  im,  anterior  view  of  the  tarso-metatarsus ;  tm'y  a  view  of  the 
surfiEice  of  its  proximal  extremity  at  right  angles  to  the  shaft;  hp^ 
the  h jpo-tarsus ;  tm'\  a  view  of  the  surfaces  of  the  distal  extremity  of 
tarso-metatarse  at  right  angles  to  the  shaft,  showing  the  trochlese  for 
the  podal  digits ;  T.  upper  extremity  of  the  tihia ;  T^  view  of  its 
proximal  surface  at  right  angles  to  the  shaft;  Fy  anterior  aspect  of 
the  femur. 


THE  ANATOMY  OF  ACQUIRED  ELAT-FOOT.  By  J. 
Symington,  M.B.,  F.RC.S.E.,  Lecturer  on  Anatomy,  Edin- 
burgh,   (Plate  VI.) 

The  anatomy  of  this  comparatively  common  deformity  does  not 
appear  to  have  received  mach  attention  in  this  country.  Nearly 
half  a  century  ago,  it  was  considered  by  a  writer  in  Todd's 
GydopcBdia  of  Anatomy  and  Physiology  as  probably  due  to  a 
relaxation  of  the  inferior  calcaneo^scaphoid  ligament,  but  he 
admits  that  he  had  no  opportunity  of  dissecting  a  specimen,  his 
ideas  on  its  anatomy  being  derived  from  a  careful  examination 
on  the  living  body.  The  account  of  flat-foot  given  in  Holme's 
System  of  Surgery,  3rd  edition,  1883,  by  such  a  well-known 
authority  on  Orthopsedic  Surgery  as  Dr  W.  J.  Little,  contains  no 
anatomical  details  but  what  can  be  ascertained  by  external 
examination.  Almost  all  the  other  EngUsh  articles  on  this 
subject  possess  a  similarly  purely  clinical  basis.  This  may  be 
attributed  to  the  absence  of  specimens,  the  distortion,  though 
common,  not  being  fatal  or  requiring  amputation.  So  far  as  I 
have  been  able  to  ascertain,  there  are  no  preparations  of  flat- 
foot  in  any  of  the  following  museums : — Hunterian,  St  Bartholo- 
mew's, University  College,  London  Hospital,  St  Thomas',  Guy's, 
Edinburgh  University,  and  Boyal  College  of  Surgeons,  Edinburgh. 
In  fact,  I  have  not  been  able  to  hear  of  a  specimen  in  any  of 
our  museums. 

Two  valuable  contributions,  founded  upon  a  careful  examina- 
tion of  dissections,  have  however  been  made  to  this  subject  by 
C.  Hueter  ^  and  G.  Hermann  von  Meyer.^ 

By  Hueter  its  anatomy  is  treated  partly  from  a  develop- 
mental point  of  view.  He  gives  an  excellent  account  of  the 
position  and  shape  of  the  tarsus  in  the  newly-born  child.  The 
foot  is  then  supinated,  but  as  soon  as  the  child  begins  to  walk 
it  becomes  pronated.  This  prone  position  is  followed  by  certain 
changes  in  the  tarsal  bones,  especially  in  the  os  calcis,  astra- 
galus, and  scaphoid.    As  a  consequence  of  the  altered  position 

^  Qrwndrias^der  Chirwgie,  Yon  Dr  0.  Haeter,  ii.  HiUfte,  1882. 

'  Ur9aehe  und  Mechcmiimiu  der  BntsUh  iwg  dea  erworbenen  Flaitfusaes,  1888. 
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of  the  bones,  certain  surfaces  are  subject  to  increased  pressure 
and  atrophy,  while  others  relieved  of  pressure,  grow.  Flat-foot 
he  regards  as  an  over-pronation  of  the  foot,  and  the  changes  in 
the  tarsal  bones  are  to  be  explained  by  the  effects  of  alteration 
in  pressure.  The  bones  specially  involved  are  the  three  men- 
tioned above.  He  considers  that  there  is  a  general  relaxation  of 
the  ligaments  of  the  foot,  but  he  refers  specially  to  the  inferior 
calcaneo -scaphoid  ligament^  the  surface  of  which,  he  says, 
presents  a  marked  increase. 

Dr  G.  Hermann  von  Meyer,  in  his  monograph,  endeavours  to 
disprove  the  current  view,  that  in  consequence  of  the  relaxation 
of  the  inferior  calcaneo-scaphoid  ligament,  the  head  of  the 
astragalus  is  displaced  downwards.  He  maintains  that  there  is 
no  elongation  of  the  above-mentioned  ligament,  and  also  that 
the  inner  border  of  the  foot  is  not  increased  in  length.  Tke 
most  important  part  of  his  paper,  which  will  be  considered 
subsequently,  is  that  in  which  he  describes  the  mechanism  of 
displacement  of  the  astragalus  in  relation  to  the  rest  of  the 
tarsal  bones. 

During  last  winter  session  I  met  with  an  adult  male 
subject  in  my  practical  anatomy  rooms,  in  whom  both  feet 
presented  the  appearances  typical  of  advanced  flat-foot.  He 
was  a  big,  heavy  man,  six  feet  in  height,  but  the  muscles  of  the 
body  geuerally  were  soft  and  flabby.  There  were  no  indications 
of  his  having  suffered  from  rickets.  After  the  muscles  of  the 
leg  had  been  dissected,  the  feet  were  removed  by  amputating  a 
few  inches  above  the  ankle,  and  kept  for  special  examination. 
A  plaster-of-Paris  cast  was  taken  of  the  left  foot  The  right 
foot  was  frozen,  and  several  sections  were  made  of  it,  while  the 
left  foot  was  dissected  in  the  usual  way.  The  deformity  was 
slightly  more  marked  in  the  left  foot  than  in  the  right,  but  in 
both  the  arch  could  be  restored  by  manipulation,  but  could  not 
be  maintained  without  artificial  support,  the  weight  of  the  body 
being  sufficient  to  reproduce  the  deformity.  From  external 
examination  there  appeared  to  be  abnormal  mobility  in  all  the 
tarsal  joints. 

As  previously  mentioned,  Meyer  maintains  that  the  inner 
border  of  the  foot  is  not  increased  in  length  in  flat-foot  He 
endeavours  to  prove  this,  not  merely  by  the  mode  of  displace- 
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ment  of  the  bones,  but  by  actual  measurements.  He  measured 
fiye  flat  feet  and  six  normal  ones.  The  average  of  the  inner 
borders  of  the  flat  feet  equalled  those  of  the  normal  feet,  but 
the  outer  borders  of  the  former  averaged  1  cm.  less  than  the 
latter.  From  this  he  concludes  that  there  is  no  increase  in  the 
inner  border,  but  that  the  outer  border  is  diminished.  There  is 
an  obvious  fallacy  here,  for  the  facts  given  can  be  equally,  and, 

1  believe,  more  correctly,  explained  on  the  supposition  that  the 
normal  feet  selected  were  larger  than  the  fiat  ones.  This  would 
account  for  the  greater  length  of  the  outer  borders  of  the 
normal  feet,  and  the  equality  in  the  inner  borders  of  the  two 
sets  may  be  attributed  to  an  elongation  in  the  flat-foot  speci- 
mens. As  both  feet,  in  my  case,  were  involved,  they  cannot  be 
used  for  comparison ;  but  there  is  another  method  by  which  this 
point  can  be  determined. 

In  a  paper  ^  by  Mr  C.  Hilton  Golding-Bird,  it  is  stated  that 
the  middle  of  the  inner  border  of  the  foot  corresponds  normally 
to  the  first  cuneo-metatarsal  joint  The  inner  arch  of  the  foot 
only  extends  as  far  forwards  as  the  head  of  the  first  metatarsal 
bone,  so  that  the  greater  part  of  the  arch  is  in  the  posterior 
half.  If  the  arch  be  fiattened  the  posterior  half  will  be  more 
increased  by  the  change  than  the  anterior.  Mr  Golding-Bird 
measured  a  number  of  cases  in  the  living  body,  and  often  found 
the  posterior  measurement  to  exceed  the  anterior  by  ^  to  }  of 
an  inch.  I  have  found  this  guide  to  the  middle  of  the  inner 
border  of  the  foot  to  be  a  tolerably  exact  one.  I  examined  nine 
feet  very  carefully  in  the  dissecting-room,  and  found  that  in 
three  of  them  the  anterior  and  posterior  measurements  were 
equal,  in  two  the  posterior  excess  was  *5  cm.,  in  one  *75  cm., 
and  in  the  remaining  three,  1  cm.  In  the  left  foot  in  my  posses- 
sion, the  excess  of  the  posterior  segment  over  the  anterior  was 

2  cm.  Although  the  increase  in  length  of  the  inner  border  is 
not  so  great  as  it  would  be  were  the  arch  fiattened  simply  by 
extension  in  a  longitudinal  direction,  there  is  still  some  increase 
in  length.  The  muscles  of  the  left  foot  were  carefully  dfesected, 
but  no  peculiarity  was  observed,  other  than  that  the  short 
muscles  on  the  inner  part  of  the  sole  of  the  foot  were  atrophied, 

1  "Pes  yalgns acquisitos,  Pes  pronatus acqaisitus,  Pea  cayus,"  Guy's  Hospital 
Ssports,  Tol.  xli.,  1883. 
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aad  had  andergone  partial  fatty  degeneration.  This  was  pro- 
bably secondary,  the  result  of  the  pressure  of  the  flattened  arch. 
Professor  Say  re  {Orthopcedic  Surgery,  p.  62)  attributes  a  very 
important  action  in  the  maintenance  o(  the  inner  arch  of  the 
foot  to  the  tibialis  anticus,  and  he  gives  its  partial  or  complete 
paralysis  as  the  cause  of  fiat-foot.  I  could  detect  no  special 
change  in  this  muscle  in  either  limb.  Mr  Golding-Bird  says 
that  he  has  failed  to  find  the  atrophy  of  this  muscle  described 
by  Sayre  in  any  of  his  cases, — 50  in  number, — ^although  he 
methodically  looked  for  it.  The  peronei  muscles  were  not  con- 
tracted ;  but  their  synovial  sheath  communicated  with  the  ankle- 
joint  by  an  opening  in  the  capsule,  which  readily  admitted  the 
index  finger. 

AnkU-JoirU. — The  ligaments  of  this  joint  were  so  lax,  that 
before  any  of  them  were  divided,  the  tibia  could  be  raised  nearly 
three-quarters  of  an  inch  above  the  astragalus,  and  the  finger  could 
be  easily  passed  through  the  opening  in  the  capsule  already  men- 
tioned, between  the  tibia  and  astragalua  The  only  ligament  re- 
quiring particular  notice  was  the  external.  Its  three  fasciculi  were 
not  so  well  defined  as  usual;  the  middle  one  was  nearly  horizontal, 
inclining  from  the  os  calcis  forwards  to  the  fibula.  The  posterior 
fasciculus  was  very  rudimentary,  its  middle  and  outer  parts 
being  almost  worn  away  by  the  pressure  of  the  fibula  against 
the  OS  calcis.  The  ligaments  of  the  ankle-joint  were  divided 
in  order  to  see  the  interior  of  the  joint.  The  normal  articular 
surfaces  presented  no  marked  alterations,  but  additional  ones 
had  been  produced  by  the  contact  of  the  fibula  with  the  os 
calcis.  The  surfaces  of  these  facets  were  formed  by  compact 
osseous  tissue.  There  was  a  facet  on  the  lower  end  of  the  fibula 
between  the  depression  on  its  inner  surface,  and  the  groove  on  its 
posterior  surface  for  the  perouei  muscles.  It  was  three-quarters 
of  an  inch  long,  and  three-eighths  of  an  inch  in  breadth.  Another 
facet,  smaller  in  size,  was  found  close  to  the  apex  of  the  malleolus. 
These  two  facets  articulated  with  two  others  on  the  outer  surface 
of  the  OS  calcis  (see  Plate  VL).  The  external  calcaneo-astragaloid 
ligament  was  destroyed,  and  the  synovial  cavity  of  the  ankle- 
joint  was  continuous  with  that  of  the  posterior  calcaneo-astraga- 
loid,  and  also  with  the  cavity  between  the  abnormal  articulations 
of  the  fibula  and  os  calcis.    Both  Meyer  and  Hueter  mention 
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the  articalatioii  oE  the  fibnla  and  os  calcis  as  always  occarriDg 
Id  cases  of  advanced  flat-foot. 

The  conditions  of  the  ankle  are  of  interest  to  the  surgeon  in 
connection  with  Professor  A.  Ogston's  operation.^ 

After  the  examination  of  the  ankle,  and  before  any  of  the 
ligaments  of  the  tarsus  proper  had  been  divided,  the  position  of 
the  astragalus  in  relation  to  the  rest  of  the  tarsus  was  deter- 
mined. It  is  at  the  talo-tarsal  joints  that  the  deformity 
commences,  and  it  is  there  that  the  displacements  occur  that 
constitute  its  most  important  features. 

6.  H.  von  Meyer  devotes  special  attention  to  the  mechanism 
of  the  movements  of  the  astragalus.    When  the  sole  of  the  foot 
is  placed   upon  the  ground,  and  pressure  exerted  upon  the 
astragalus  from  above,  its  body  glides  forwards  upon  the  os 
calcis,  while  the  head  of  the  bone  sinks  downwards  and  inwards. 
This  moveanent  is  described  by  Von  Meyer  as  occurring  round 
an  oblique  axis  passing  from  the  inner  side  of  the  upper  surface 
of  the  neck  of  the  astragalus  to  the  middle  of  the  lower  border 
of  the  posterior  surface  of  the  os  calcic    He  shows  that  the 
outer  border  of  the  trochlear  or  superior  articular  surface  of  the 
astragalus   moves  forwards  and  downwards,  while  its  inner 
border  will  perform  a  smaller  movement  in  the  opposite  direc- 
tion.     As  a  consequence  of  this,  the  axis  of  the  trochlear 
surface  wiU  incline  more  inwards — nearer  the  big  toe.    By  the 
same  movement  the  trochlear  surface  will  acquire  an  inclination 
outwards,  for,  as  we  have  seen,  the  outer  border  moves  down, 
and  the  inner  up.    The  transverse  axis  of  the  trochlear  surface, 
which  we  may  represent  by  a  line  connecting  its  outer  and 
inner  borders,  must,  however,  on  account  of  its  connection  with 
the  bones  of  the  leg,  maintain  its  parallelism  with  the  base. 
It  does  this  by  causing  a  valgus  position  of  the  rest  of  the 
tarsus.     By  an  excess  of  its  normal  movement,  the  astragalus 
becomes  displaced  towards  the  inner  side  of  the  rest  of  the  foot. 
An  excellent  method  of  representing  this  has  been  devised  by 
Von  Meyer.    He  indicates  the  sole  of  the  foot  by  a  triangle 
made  by  uniting  three  points,  viz.,  the  centre  of  the  heel,  and 
the  heads  of  the  Ist  and  5th  metatarsal  bones.    This  triangle, 
marked  cibc,  is  drawn  in  Plate  VI.  fig.  1 ;  but  instead  of  the 

1  "  On  Fiat-Foot  and  its  Cure  by  Operation,"  Lancet,  26th  January  1884. 
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middle  of  the  posterior  snrfaoe  of  the  os  calcis,  I  have  taken  the 
posterior  point  of  snpport,  viz.,  the  intemal  tubercle  of  the  os 
calds.  Instead  of  the  whole  of  the  astragalus  being  indicated 
it  is  represented  hj  a  point  This  astragalus  point  is  the  highest 
spot  on  the  axis  of  its  trochlear  sorface.  In  Plate  VL  it  is 
marked  hj  a  cross.  According  to  Meyer,  the  astragalus  point 
falls,  in  a  normal  foot,  within  the  triangle,  but  in  a  fiat-foot  to 
the  inner  side  of  the  big  toe  line,  ue,,  the  line  connecting  the  heel 
and  the  head  of  the  first  metatarsal  bon&  The  centre  of  gravity 
of  the  loaded  astragalus  then  falls  intemal  to  the  sole  of  the 
foot  From  Plate  YI.,  a  drawing  of  the  left  fiat-foot  in  my 
possession,  it  is  seen  that  in  that  specimen,  not  simply  the 
astragalus  point,  but  the  whole  of  the  trochlear  surface,  lies 
intemal  to  the  big  toe  line.  In  a  model  foot  there  can  be  no 
doubt  but  that  the  centre  of  gravity  of  the  loaded  astragalus 
ought  to  fall  within  this  triangle ;  but  in  a  number  of  feet  I 
have  found  it  to  faU  either  upon,  or  even  a  few  millimetres  to 
the  tibial  side  of  the  big  toe  line. 

In  order  to  compare,  by  the  measurements  mentioned  above, 
fiat  feet  with  nomial  ones,  von  Meyer  selected  three  apparently 
well-formed  feet;  two  of  these  he  found  to  have  their  astragalus 
points  internal  to  the  sole  triangle,  in  one  case  1  mm.,  in  the 
other  6  mm.  He  therefore  classifies  them  with  the  fiat  feet 
As  feet  with  undoubtedly  well-marked  arches  may  have  their 
astragalus  points  a  few  millimetres  to  the  inner  side  of  the  big 
toe  line,  these  cases  might  more  correctly  be  r^arded  as 
possessing  a  mechanical  tendency  to  the  deformity,  rather  than 
as  examples  of  slight  fiat-foot 

The  axis  of  the  trochlear  surface  of  the  astragalus  is  directed 
in  my  specimen  to  the  inner  side  of  the  head  of  the  1st  meta- 
tarsal bone,  in  a  normal  foot  it  is  generally  towards  the  interval 
between  the  2nd  and  3rd  toes.  In  the  same  specimen  the 
height  of  the  upper  surface  of  the  astragalus  above  the  base  was 
65  mm.,  it  ought  naturally  to  be  about  80  mm.  to  90  mm. 

After  the  position  of  the  astragalus  had  been  determined  it 
was  removed  and  its  surfaces  examined.  The  changes  in  the 
shape  of  the  astragalus  are  practically  confined  to  its  head  and 
neck.  I  have  already  stated  that  its  articular  facets  belonging 
to  the  ankle-joint  are  practically  normal,  and  the  same  is  the 
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case  with  its  surfaces  entering  into  the  formation  of  the  calcaneo- 
astragaloid  joint.  The  only  part  of  the  body  which  is  altered  is 
its  lower  and  outer  angle.  This  lies  just  in  front  of  its  large 
ooncave  facet.  It  is  called,  by  von  Meyer,  the  processus  fibularis 
of  the  astragalus.  When  the  astragalas  is  overpronated  this 
process  is  pushed  down  into  the  depression  on  the  upper  surface 
of  the  greater  or  anterior  process  of  the  os  calcis.  According  to 
Hueter,  the  depression  becomes  deepened  and  the  process  rounded. 
In  this  specimen  the  process  was  only  slightly  altered,  but  I 
noticed  a  facet  on  its  anterior  surface  covered  by  articular  carti- 
lage. This  facet  came  in  contact  with  the  outer  part  of  the 
interosseous  calcaneo-astragaloid  ligament  which  separated  it 
from  the  os  calcis.  On  examining  a  number  of  recent  bones  I 
found  that  this  cartilaginous  facet  is  generally  present,  and  that 
it  articulates  in  the  prone  position  with  the  interosseous  ligameut. 
This  facet  is  about  5  mm.  in  height  and  about  15  mm.  to  20 
mm.  in  breadth.  Its  cartilage  is  continuous  with  that  on  the 
large  concave  facet,  but  the  two  surfaces  are  separated  by  a 
prominent  border.  So  far  as  I  know  this  facet  has  not  been 
previously  described,  although  it  has  a  functional  significance. 
When  the  astragalus  is  pressed  upon  from  above,  the  descent  of 
the  body  of  the  astragalus  upon  the  os  calcis  is  checked  by  the 
contact  of  this  surface  with  the  interosseous  ligament. 

Although  the  changes  in  the  body  of  the  astragalus  are  slight, 
those  of  the  head  are  very  decided.  The  outer  and  upper  part 
of  the  head  of  the  astragalus,  in  consequence  of  its  displacement, 
is  pushed  against  the  scaphoid,  and  an  abnormal  facet  formed. 
It  is  concave,  somewhat  round,  and  about  2  cm.  in  diameter. 
As  a  result  of  the  pressure  of  the  displaced  bones  the  outer 
part  of  its  neck  is  much  shortened,  and  the  upper  part  of  the 
cartilaginous  facet  for  the  scaphoid  is  worn  away.  The  cartilage 
covering  the  surfaces  that  articulate  with  the  scaphoid  and 
sustentaculum  tali  was  normal,  but  that  connected  with  the 
inferior  calcaneo-scaphoid  ligament  was  thickened,  softened,  and 
in  a  few  places  it  was  completely  destroyed,  and  the  subjacent 
bone  was  in  a  condition  of  porosis.  This  surface  was  undoubtedly 
laiger  than  normal,  and  the  inflamed  condition  may  be  attributed 
to  the  irritation  resulting  from  pressure  against  the  ground  in 
standing  or  walking. 
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A.  Ogston  states  that,  in  some  cases,  a  prominent  angle  is 
fonned  on  the  head  of  the  bone  between  this  ligament  and  the 
scaphoid,  which  interferes  with  the  restoration  of  the  arch. 

In  Plate  VI.  fig.  2,  a  drawing  is  given  of  the  dorsal  aspect  of 
the  foot  after  removal  of  the  astragalus.  If  this  be  compared 
with  the  appearances  in  a  healthy  foot,  the  changes  in  the  os 
calcis,  scaphoid,  and  inferior  calcaneo-scaphoid  ligament  are 
very  evident 

Os  colds. — ^This  bone  is  altered  in  position  in  several  respects. 
Its  long  axis  is  directed  more  towards  the  big  toe  than  is  usually 
the  case,  and  its  anterior  end  is  lowered,  so  that  the  anterior 
tubercle  rests  upon  the  base.  Still  more  marked  is  its  rotation 
inwards.  The  valgus  position  of  the  os  calcis  can  readily  be 
seen  either  from  above  or  from  behind.  In  the  view  of  the 
posterior  surface  the  os  calcis  was  seen  to  rest  upon  the  internal 
tubercle,  the  external  beiug  raised  above  it  so  that  a  line  con- 
necting the  two  tubercles  formed  with  the  base  an  angle  of  35*" 
open  to  the  outside.  Professor  von  Meyer  seems  to  consider 
that  in  a  normal  foot  the  external  tubercle  is  rather  lower  than 
the  internal  one.  He  gives  measurements,  taken  as  above,  of  one 
normal  foot  and  four  flat  feet.  In  the  normal  foot  he  found  the 
tubercle  line  to  form  with  the  base  an  augle  of  I''  open  to  the 
inside.  In  the  flat  feet  the  average  angle  was  29°*5  open  to  the 
outside.  In  one  of  the  flat  feet  the  angle  was  43^  so  that  in  the 
latter  case  the  difference  between  it  and  the  normal  would  be 
44°.  I  think  these  measurements  exaggerate  the  degree  of 
valgus  of  the  os  calcis,  as  in  the  feet  I  have  examined,  with  the 
leg  vertical,  I  always  found  that  the  internal  was  the  lower  of 
the  two  tubercles,  and  consequently  there  was  an  angle  opened 
to  the  outside.  There  can  be  no  doubt  but  that  this  angle  is 
increased  in  flat-foot,  but  the  deviation  from  the  normal  is  not 
so  extensive  as  given  by  Von  Meyer.  In  looking  at  the  bone 
from  above,  the  lai^r  articular  facet  looks  more  inwards  than 
normal,  and  the  sustentaculum  tali  is  much  nearer  the  base. 

The  changes  in  the  position  of  the  os  calcis  are  more  marked 
than  those  of  its  shape.  I  have  already  referred  to  the  facets 
formed  upon  its  outer  surface,  which  articulate  with  the  fibula. 
In  my  specimen  the  cartilage  covering  the  facet  on  the  anterior 
process  of  the  os  calcis  had  been  completely  destroyed,  and  the 
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exposed  bone  was  soft  and  spongy.  A  rough  ridge  was  developed 
on  the  anterior  part  of  the  npper  surface,  which  projected  nearly 
three^uarters  of  an  inch  above  the  level  of  the  cuboid,  and  its 
anterior  edge  somewhat  overlapped  it 

According  to  Hueter,  the  sustentacnlum  tali  is  much  lower  in 
relation  to  the  body  of  the  bone  at  birth  than  in  the  adult  By 
the  prone  position  of  the  foot,  this  process  is  relieved  of  pressure, 
and  grows  upwards  into  a  higher  positioa  in  relation  to  the  rest 
of  the  bone.  Flat-foot,  being  an  excessive  pronation  of  the  susten- 
taculum tali,  grows  still  higher  than  its  normal  adult  position. 
At  page  1088,  of  his  Orundriss  der  Chirurffie,  he  gives  a  view  of 
the  inner  surface  of  the  os  calcis  of  a  new-born  child  and  of  an 
adult.  I  cannot  agree  with  these  statements  of  Hueter,  having 
satisfied  myself,  from  an  examination  of  the  os  calcis  in  newly- 
born  children,  that  the  sustentaculum  tali  has  then  practically 
the  same  relative  height  to  the  body  of  the  bone  that  it  has  in 
the  adult  Of  course  if  the  bone  be  rotated  inwards  the  susten- 
taculum tali  will  be  depressed.  This  is  what  has  been  done  in 
Hneter's  drawing  of  the  infant's  os  calcis.  If  it  be  compared 
with  his  drawing  of  the  adult  bone,  it  will  be  at  once  apparent 
that  in  the  former  the  bone  has  been  rotated  inwards,  as  much 
more  of  the  upper  surface  of  the  body  of  the  bone  is  shown  in 
it  than  in  the  adult  specimen.  Again,  in  neither  of  my  specimens 
of  fiat-foot  is  the  sustentaculum  tali  higher  in  relation  to  the 
rest  of  the  bone  than  in  an  ordinary  adult 

Scaphoid, — ^This  bone  had  no  distinct  alteration  in  its  shape 
except  the  presence  of  a  facet  for  articulation  with  one  already 
described  on  the  head  of  the  astragalus.  The  pressure  of  the 
astragalus  had  worn  away  the  upper  part  of  the  cartilaginous 
facet  for  articulation  with  the  head  of  the  astragalus,  and  also 
part  of  the  upper  surface  of  the  scaphoid. 

Inferior  Calcanea-Scaphoid  Ligament. — ^This  is  generally  de- 
scribed as  being  increased  in  length,  and  indeed  this  is  often 
regarded  as  one  of  the  principal  causes  of  the  descent  of  the 
head  of  the  astragalus.  As  I  have  already  stated.  Yon  Meyer 
asserts  that  it  is  not  increased  in  length.  He  measured  it  in 
six  normal  feet  and  five  flat  feet  In  the  former  it  varied  from 
27  mm.  to  37  mm.,  in  the  latter  from  27  mm.  to  40  mm., 
from  which  it  appears  that  the  difiference  was  very  slight 
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Professor  von  Meyer's  plan  for  measuring  it  is  not,  T  believe,  a 
very  satisfactory  one.    He  measured  it  on  the  plantar  surface 
from  the  most  anterior  part  of  the  sustentaculum   tali  to  the 
highest  point  on  the  tuberosity  of  the  scaphoid.     The  question 
can  easily  be  settled  by  an  examination  of  the  ligament  from 
above,  although,  from    the    sustentaculum  tali  being  placed 
obliquely  in  relation  to  the  scaphoid,  it  is  difficult  to  find  a 
satisfactory  point  to  measure  from.     If  this  surface   of  the 
ligament  be  examined  it  will  be  seen  to  be  strengthened  by 
fibres  running  from  the  sustentaculum  tali,  at  the  juncture  of 
the  facet  on  its  upper  surface  with  that  on  the  upper  surface 
of  the  greater  process,  forwards*  and  outwards  to  the  outer  part 
of  the  under  surface  of  the  scaphoid    Measuring,  in  this  situa- 
tion, from  the  sustentaculum  tali  to  the  scaphoid,  I  found  that 
in  two  normal  feet  the  distance  was  19  mm.,  in  another,  22 
mm.,  while  in  the  left  flat  foot  it  was  35  mm.    Independent  of 
measurements  the  general  increase  in  size  of  the  ligament  is 
quite  apparent ;  at  the  same  time  this  increase  affects  the  inner 
much  more  than  the  lower  part  of  the  ligament 

The  changes  in  the  anterior  part  of  the  foot  were  much  less 
marked  than  those  already  described  in  connection  with  the 
posterior  part.  The  scaphoid,  internal  cuneiform,  and  first 
metatarsal  bones  rested  upon  the  ground.  On  opening  the 
calcaneo-cuboid  joint  the  under  surface  of  the  rough  ridge  on 
the  OS  calcis,  overlapping  the  cuboid*  was  found  to  be  smooth, 
and  to  articulate  with  the  cuboid.  The  transverse  arch,  formed 
by  the  three  cuneiforms  and  the  cuboid,  was  diminished. 

Although  the  bones  forming  the  inner  arch  of  the  foot  rested 
upon  the  ground,  the  outer  border  of  the  foot  was  not  raised, 
so  that  the  term  flat-foot  or  pes  planus  is  a  very  appropriate 
one  for  this  condition. 

The  first  step  in  this  deformity  is  an  over-pronation  of  the 
astragalus.  This  movement  is  checked  by  a  number  of  power- 
ful ligaments,  especiaUy  the  interosseous  calcaneo-astragaloid, 
inferior  calcaneo-scaphoid,  internal  calcaneo-astragaloid,  and 
internal  lateral  ligament  of  ankle.  In  a  well-developed  foot,  in 
which  the  muscles  had  been  dissected,  but  the  ligaments  still 
entire,  I  divided  the  inferior  calcaneo-scaphoid  ligament  and  made 
firm  pressure,  through  the  tibia,  upon  the  astragalus.    This  failed 
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to  prodnce  any  abnonnal  displacement  of  the  astragalus.  I 
then  divided  in  the  same  foot  the  interosseous  calcaneo-astimga- 
loid  ligament  with  a  similar  result  Cases  have  been  recorded 
of  flat-foot  resulting  from  a  wound  on  the  inner  part  of  the 
foot,  dividing  the  inferior  calcaneo-scaphoid  ligament  and 
tibialis  posticus  muscle.  In  such  cases  the  ligaments  remaining 
entire  will  be  subject  to  extra  strain,  and  flat-foot  will  gradually 
result  from  their  relaxation. 


EXPLAI^ATION  OF  PLATE  VI. 

Fig.  1.  View  of  the  dorsum  of  the  foot  in  a  specimen  of  flat-foot 
to  show  displacement  of  astragalus.  Lines  connecting  a,  b,  c,  form 
triangle  representing  sole  of  foot  The  cross  on  astragalus  represents 
''astragalus  pointy"  d  and  e  the  facets  on  outer  surface  of  os  calcis. 

Fig.  2.  View  of  the  dorsum  of  the  same  foot  after  removal  of 
astragalus,  a,  sustentaculum  tali;  b,  inferior  calcaneo-scaphoid  liga- 
ment^ e,  posterior  surface  of  scaphoid;  d  and  6,  same  as  before; 
/  abnormal  facet  on  scaphoid. 


A  NEW  METHOD  OF  CUTTING  SECTIONS  FOR 
MICROSCOPICAL  EXAMINATION.  By  James  W. 
Barrett,  M.B.,  M.R.C.S.,  Demonstrator  of  Physiology  at 
King's  College,  London, 

Th£  method  of  cutting  Bections  here  described,  has  but  recently 
been  introduced  into  this  country ;  it  is  known  as  the ''  Celloidin 
method/'  and  was  first  adopted  for  preparing  extensive  sections 
of  eyes,  with  the  parts   in  situ.     Comprehending  its  great 
advantages  over  the  ordinary  methods,  I  have  extended  ite  use 
to  all  solid  organs  and  tissues  (pathological  and  histological), 
which  require  it,  and  Relieve  that,  where  either  moderatdy  thin 
and  very  extensive,  or  very  thin  and  Tuoderately  extensive  sections 
are  required,  it  will  supersede  the  methods  usually  employed. 
With  either  object  in  view  the  preliminary  process  is  as  follows: 
— "  The  fresh  tissue,  suitably  divided  in  the   usual  way,  is 
hardened  in  Miiller's  fluid  for  from  three  to  four  weeks,  the 
fluid  being  changed  almost  every  day  at  first,  then  every  two  or 
three  days,  and  subsequently  at  an  interval  of  a  week.    It  is 
then  hardened  in  methylated  alcohol  for  about  a  fortnight,  and 
is  finally  transferred  for  a  day  or  two  to  absolute  alcohol     It  is 
next  placed  in  a  thin  solution  of  celloidin  in  equal  parts  of 
absolute  alcohol  and  ether,  and  left  there  for  a   few  days." 
(Celloidin  in  the  solid  form,  or  in  solution,  may  be  obtained  from 
Zimmerman,  Mincing  Lane,  London,  E.C.) 

If  the  very  thin  sections  be  required,  the  pieces  put  into 
the  solution  should  be  small.  If  the  extensive  sections  are 
required  the  pieces  should  be  of  the  required  size  and  very  thin, 
BO  as  to  allow  the  celloidin  solution  to  penetrate  easily. 

They  are  next  removed  and  placed  in  paper  boats,  which  are 
then  filled  with  this  solution  and  are  exposed  to  the  air.  When 
the  ether  and  alcohol  have  been  allowed  to  evaporate  for  some 
time,  a  crust  forms  on  the  surface.  The  boats  are  then  immersed 
in  a  mixture  of  methylated  alcohol  andwater,  the  specific  gravity 
of  which  should  be,  it  is  said  820.  As  a  matter  of  fact,  any 
approximate  mixture  will  answer  equally  welL  They  are  left 
floating  in  this  mixture  for  about  three  days,  when  the  celloidin 
becomes  very  solid  though  elastic,  and  firmly  imbeds  the  speci- 
mens. 
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They  are  now  ready  for  cutting,  but  before  describing  the 
method  of  catting,  it  is  necessary  to  point  out,  that  although 
other  means  may  be  found  equally  efficacious  in  eflfecting  this  pre- 
liminary process,  yet  that  a  careful  attention  to  the  most  minute 
details  will  prevent  much  disappointment,  until  the  worker  is 
thoroughly  conversant  with  the  method. 

It  will  be  seen  that  the  whole  object  is  to  infiltrate  the  tissue 
with  a  very  coherent  transparent  material,  which  will  not 
interfere  in  any  way  with  the  manipulation  of  the  specimen 
after  it  is  cut,  and  will  permit  either  of  very  thin  or  of  very 
extensive  sections  being  obtained.  I  think  every  one  will  agree 
that  by  the  ordinary  gum  and  freezing  method  both  these  results 
are  in  most  cases  difficult  to  attain  with  any  degree  of  certainty. 

In  order  to  aU  very  thin  and  moderately  extensive  sections  the 
paper  is  torn  from  the  boats,  the  superfluous  celloidin  is  removed 
from  the  specimen,  which  is  then  placed  in  water  for  twenty- 
four  hours,  the  water  being  changed  frequently.  It  is  next  put 
into  the  ordinary  freezing  gum  for  a  little  while,  and  is  then 
frozen  and  cut  into  sections  by  any  of  the  ordinary  freezing 
microtomes. 

One  point  deserves  attention.  The  specimen,  when  frozen, 
becomes  very  hard,  and  if  the  axis  of  movement  of  the  knife 
is  at  right  angles  to  its  long  dimension,  the  specimen  will  in  all 
probability  be  uneven  and  wrinkled.  The  knife  should  be 
directed  as  obliquely  as  possible,  otherwise  the  result  often  dis- 
appoints. The  specimens  are  removed  from  the  knife  with  a  brush 
moistened  in  warm  water  and  are  then  placed  in  water.  If  they 
are  crumpled,  they  had  better  be  transferred  from  the  water  to 
spirit  and  from  spirit  back  to  water;  this  little  manoeuvre, 
which  lasts  less  than  a  minute,  rarely  fails  to  unfold  them. 
They  are  next  stained  with  any  of  the  stains  that  are  preferred, 
and  are  subsequently  dehydrated  very  carefully  and  thoroughly. 
Ultimately  they  are  placed  in  oil  of  Bergamot  in  order  to  clear 
them.  Oil  of  cloves  dissolves  the  celloidin,  and  the  sections 
then  usually  fall  to  pieces. 

After  clearing,  which  is  rapidly  effected  if  the  dehydration  has 
been  perfect,  they  are  placed  on  a  slide  and  are  mounted  in 
balsam.  Oil  of  Bergamot  does  very  well  for  clearing,  but  I  am  not 
sure  yet  whether  any  of  the  other  essential  oils  are  superior  to  it. 
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The  preparation  of  very  extensive  and  moderately  thin  sections 
can  be  effected  by  special  microtomes  obtainable  from  H. 
Katsch,  of  25  Bayerstrasse,  Munich,  by  which  sections  from  3  to 
16  cm.  in  diameter  can  be  prepared.  The  machines  are  so  ar- 
ranged that  a  long  knife  works  with  an  oblique  action  and  cuts 
the  sections  under  methylated  spirit  In  preparing  the  specimen 
for  cutting,  the  paper  is  removed  from  the  boat  in  which  it  is 
contained,  and  it  is  then  attached  to  a  plate  sunk  in  a  trough  full 
of  spirit  The  plate  is  raised  by  a  screw,  and  so  the  thicknesB  of 
the  section  is  regulated.  This  method  is  of  especial  value  for 
cutting  sections  of  eyes,  the  parts  being  maintained  in  perfect 
position. 

It  would  be  injudicious  to  make  any  absolute  statements  as 
to  the  value  of  these  methods,  since  there  may  be  faults  which 
I  have  not  discovered,  but  it  is  my  opinion  at  present  that  the 
method  must  come  into  general  use  and  supersede  the  ordinary 
methods  of  section  cutting.  The  chief  obstacle  at  present  is  its 
expense.  Celloidin  itself  is,  when  in  the  solid  form,  a  firm  white 
material,  which  can  be  dissolved  in  absolute  alcohol,  or  in  ether, 
or  more  rapidly  in  a  mixture  of  the  two.  It  is  insoluble  in 
water,  and  in  mixtures  of  spirit  and  water.  In  effecting  the 
dehydration  of  the  sections,  methylated  alcohol  (which  is  not 
absolute)  should  therefore  be  used. 

In  conclusion,  I  would  recommend  very  strongly  that  any 
one  who  works  with  this  material  should  for  a  time  follow 
the  directions  given,  or  they  will,  like  myself,  at  first  be  greatly 
disappointed.  I  should  add,  too,  that  Dr  Hebb  of  the  West- 
minster Hospital  was  kind  enough  to  give  me  some  very  valu- 
able assistance  in  the  matter,  which  greatly  aided  me  when  I 
began  to  work  at  this  method. 


A  NEW  METHOD  OF  DEMONSTRATING  SCHEINER'S 
I  EXPERIMENT.    By  James  W.  Babbett,  M.B.,  M.RC.S., 

Demonstrator  of  Physiaiogy  at  Kin^s  CoUege,  I/mion. 

i 

It  has  frequently  been  noticed  that  the  cause  of  the  compara- 
tivelj  rare  cases  of  monocular  diplopia  is  some  more  or  less 
linear  opacity  in  the  refracting  media  of  the  eye,  which  divides 
the  aperture  into  two  parts.  If  then  the  refraction  of 
I  the  eye  be  at  fault,  and  the  ciliary  muscle  be  incompetent  to 
I  correct  it,  diplopia  results.  In  the  case  which  came  under  my 
observation,  the  patient,  who  had  a  corneal  opacity,  about  6 
mm.  X  2  mm.  was  having  his  refraction  tested  by  retinoscopy, 
the  pupil  being  dilated  and  the  ciliary  muscle  paralysed  with 
homatropine.  The  opacity  was  oval  in  shape,  and  stretched 
obliquely  across  the  cornea  so  as  to  partially  divide  the  visible 
pupil  into  two  parts.  On  placing  a  negative  glass  (—  5D)  in 
front  of  his  eye  he  was  rendered  artificially  hjrpermetropic,  and 
his  ciliary  muscle  being  paralysed  he  was  unable  to  correct  it 
The  rays  of  light,  being  thus  admitted  into  a  hypermetropic  eye 
by  two  apertures,  did  not  meet  on  the  retina,  consequently  two 
images  were  formed,  and  diplopia  resulted  This  may  be 
r^afded  either  as  a  demonstration  of  the  artificial  production  of 
monocular  diplopia  or  of  Scheinei^s  experiment. 
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AN  ABNORMAL   DISPOSITION   OF    THE  COLON.    By 

R.  Bruce  Young,  M.A.  M.B.,  Demonstrator  of  Anatomy, 
Olasgow  University. 

The  following  observations  were  made  in  the  dissecting-room  of 
Glasgow  University,  the  subject  was  a  middle  aged  female : — 

Description. — On  opening  the  abdomen  the  coils  of  the  small  in- 
testine were  found  lying  on  the  right  side,  while  the  caecum  was 
situated  in  the  left  iliac  f  ussa.  From  the  csecum  the  great  intestine 
ascended  on  the  left  side  of  the  middle  line,  bound  down  to  the 
posterior  wall  of  the  abdomen,  and  lying  at  first  alongside  of  and 
immediately  internal  to  the  lower  part  of  the  descending  coIoil 
As  it  passed  upwards,  however,  the  ascending  crossed  in  front, 
and  then  lay  to  the  left  of  the  descending  portion  of  the  colon, 
which,  with  the  sigmoid  flexure  and  the  rectum,  occupied  the 
/lormal  position.  These  two  portions  of  the  colon — ascending 
and  descending — as  they  lay  alongside  of  one  another,  were 
closely  bound  together  by  membranous  adhesion.  The  con- 
tinuity of  the  two  parts  of  the  colon  in  the  left  hyphochondrium 
could  not  be  made  out  in  the  undissected  state,  owing  to  the 
presence  of  a  thin  membrane  which  completely  shut  off  from 
view  the  upper  part  of  the  abdomen — this  membrane  being 
reflected  from  the  posterior  wall  of  the  abdomen  and  from  the 
surface  of  the  ascending  and  descending  parts  of  the  colon  to  be 
attached  to  the  anterior  abdominal  wall  in  a  line  correspondiog 
with  the  lower  margin  of  the  costal  cartilages  on  the  left,  and 
of  the  liver  as  far  as  the  gall  bladder  on  the  right  side.  Where 
the  membrane  was  reflected  from  the  surface  of  the  ascending 
part  of  the  colon,  it  projected  downwards  in  two  pointed  folds, 
one  on  each  side  of  the  intestine.  This  membrane,  passing 
across  the  upper  part  of  the  abdomen,  concealed  not  only  the 
continuity  of  the  course  of  the  colon,  but  also  the  stomach  and 
the  beginning  of  the  duodenum,  the  spleen,  and  the  left  portion 
of  the  liver.  By  means  of  a  subsequent  dissection,  made  by 
dividing  the  membrane  from  below  and  the  left  part  of  the 
diaphragm  from  above,  the  abrupt  curve,  in  the  region  of  the 
spleen,  by  which  the  ascending  passed  into  the  descending 
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portion  of  colon  was  seen,  and  thos  the  whole  extent  of  the 
great  intestine,  consisting  of  ascending  and  descending  parts, 
sigmoid  flexare  and  rectum,  could  be  traced  as  it  lay  entirely  on 
the  left  side  of  the  abdomen.  The  transverse  diameter  of  the 
ascending  part  measured  2|  inches,  being  almost  twice  as  great 
as  that  of  the  descending  part  The  whole  length  of  the  great 
inteBtine  was  3  feet  7^  inches. 

The  OBSophageal  end  of  the  stomach  lay  directly  in  front  of 
the  aorta,  and  From  it  the  stomach  curved  downwards  to  the 
left  and  then  inwards  again  to  its  pyloric  end,  which  did  not 
cross  the  middle  line,  but  lay  over  the  aorta  just  above  the 
point  from  which  the  inferior  mesenteric  artery  was  given  off. 
Thus  the  oesophageal  and  pyloric  ends  of  the  stomach  were 
situated  in  one  vertical  line,  the  stomach  being  entirely  confined 
to  the  left  side.  A  vertical  distance  of  three  inches  separated 
the  odsophageal  and  pyloric  ends  of  the  stomach. 

The  anterior  surface  of  the  stomach  was  attached  by  numerous 
bands  of  adhesion  to  the  under  surface  of  the  left  half  of  the 
diaphragm,  while  posteriorly  the  lesser  sac  of  the  peritoneum 
and  the  foramen  of  Winslow  were  obliterated  by  adhesions, 
which  bound  the  posterior  surface  of  the  stomach  to  the 
abdominal  wall  The  layers  of  peritoneum,  passing  from  the 
anterior  and  posterior  aspects  of  the  stomach,  were  continuous 
with  the  membrane  which  shut  off  the  upper  part  of  the 
abdominal  cavity.  So  that  this  membrane  was  probably  the 
great  omentum  adherent  to  the  anterior  wall  of  the  abdomen. 

The  liver  was  firmly  bound  by  adhesions  to  the  under  surface 
of  the  diaphragm.  The  duodenum,  in  its  course  from  the  pyloric 
end  of  the  stomach,  passed  to  the  right,  closely  bound  to  the 
under  surface  of  the  liver,  making  a  curve  forwards  round  the 
fundus  of  the  gall  bladder,  to  which  it  was  also  adherent. 
Extending  downwards  from  the  inner  side  and  apex  of  this 
curve  of  the  duodenum,  in  the  vertical  antero-posterior  plane, 
was  a  membranous  layer,  about  two  inches  broad  and  one  inch 
long,  which  lay  two  inches  to  the  right  of  the  middle  line  of  the 
abdomen,  and  was  attached  below  to  the  upper  surface  of  the 
mesentery.  There  was  thus  a  continuity  of  adhesion  at  this 
point  between  liver,  duodenum,  and  upper  surface  of  mesentery 
— a  fact  which,  as  will  be  seen,  bears  most  importantly  on  the 
explanation  of  the  present  abnormality. 


100  DB  B.  BBUCE  YOUNG. 

After  curving  round  the  gall  bladder  the  duodenum  ran 
upwards  and  backwards,  and  then  turned  inwards  to  its  junction 
with  the  jejunum,  close  by  the  right  side  of  the  vertebral  column 
about  two  inches  below  the  origin  of  the  superior  mesenteric 
artery.  A  band  of  fibres  tightly  stretched  was  found  extending 
fron  the  point  of  union  of  the  duodenum  and  jejunum  obliquely 
upwards  across  the  aorta  to  the  connective  tissue  around  the 
coeliac  axis  on  the  left  side  — the  musculus  suspensorius 
duodeni.  ^ 

From  this  point  the  small  intestine  was  traced  downwards  on 
the  right  side  close  to  the  middle  line,  as  far  as  the  upper  part 
of  the  right  iliac  fossa,  from  which  it  ascended  in  the  right  lumbar 
region  to  the  anterior  surface  of  the  lower  end  of  the  right 
kidney.  In  the  whole  of  this  part  of  its  course  the  small 
intestine  and  its  mesenteric  attachment  were  bound  down  to 
the  posterior  abdominal  wall  by  adhesions,  but  the  remainder 
of  the  small  intestine,  as  far  as  its  junction  with  the  colon  in 
the  left  iliac  fossa,  lay,  free  from  adhesions,  in  the  fold  of  the 
mesentery,  whose  line  of  attachment  to  the  posterior  wall  of  the 
abdomen  ran  from  the  region  of  the  kidney  on  the  right  side 
obliquely  downwards  across  the  middle  line  to  the  left  iliac 
fossa.    The  small  intestine  measured  20  feet  5  inches  in  length. 

The  pancreas  in  its  undisturbed  position  crossed  over  the  origin 
of  the  superior  mesenteric  artery,  and  lay  with  its  head  in  the 
concavity  of  the  curve  made  by  the  duodenum  round  the  gall 

^  Treitz,  VUrUljahinckrifl  fwr  die  practisehe  ffeUkunde,  Prag.  1858,  Bd.  i, 
S.  118,  quoted  by  Luschka,  ATiatomie  dea  Mejischen,  yoL  ii.,  p.  207.  Qoain, 
7th  edit,  p.  840.  Croveilhier,  AncUomie  Descriptive,  vol.  iL  p.  132.  This 
band,  as  Professor  Cleland  is  in  the  habit  of  pointing  out  in  his  lectures,  seems  to 
have  more  importance  than  is  usually  attributed  to  it,  for  it  is  owing  to  its  agency 
that  the  lower  end  of  the  duodenum  always  retains  a  fixed  position,  no  matter 
how  much  the  rest  of  the  duodenal  curve  may  be  displaced.  The  duodenum  may 
curve  downwards  even  as  far  as  the  right  Uiac  fossa,  and  yet  its  junction  with  the 
jejunum  is  always  on  the  left  side  of  the  superior  mesenteric  artery,  beneath  the 
transverse  mesocolon,  and  in  the  last  inch  or  so  of  its  course  it  is  always 
vertical,  owing  to  the  suspension  of  this  part  of  the  small  intestine  by  the 
musculus  suspensorius  duodeni  The  usual  description  of  the  duodenum,  as 
consisting  of  superior,  descending,  and  transverse  portions  is  incorrect,  in  that 
it  makes  no  mention  of  this  terminal  vertical  portion,  and  thus  fails  to  note  the 
manner  in  which  the  musculus  suspensorius  duodeni  acts  on  this  part  of  the 
intestine. 
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bladder.     Owing,  however,  to  the  depressed  position  of  the 
pylorus  the  pancreas  was  on  a  higher  level  than  the  pylorus. 

On  dissecting  out  the  vessels  the  superior  mesenteric  artery 
was  found  coming  off  below  the  coeliac  axis,  but,  passing 
in  the  upper  part  of  its  course  to  the  right  instead  of  to  the 
left  of  the  aorta,  it  ran  downwards  to  supply  the  whole  of 
tiie  small  intestine  except  3  feet  10  inches  at  the  lower  end. 
Instead  of  giving  off  a  number  of  separate  branches  to  the 
small  intestine,  this  artery  divided  into  three  large  branches. 
Two  of  these,  to  the  upper  part  of  the  small  intestine,  were  given 
off  from  the  right  side  of  the  parent  trunk,  while  the  third,  the 
terminal  branch,  was  distributed  to  the  greater  part  of  the 
bowel  supplied  by  the  superior  mesenteric  artery. 

The  inferior  mesenteric  artery,  just  at  its  origin  from  the 
aorta,  turned  sharply  across  to  the  right,  and  then  passed  in  a 
gentle  curve  downwards  to  the  left,  to  supply  the  lower  3 
feet  10  inches  of  the  small  intestine,  which  did  not  receive 
branches  from  the  superior  mesenteric.  From  the  left  side  of 
the  inferior  mesenteric  artery,  2  inches  from  its  origin,  a 
small  branch  was  given  off,  which  extended  across  the  middle 
line,  and  bifurcated  to  supply  the  ascending  and  descending 
portions  of  the  colon.  A  common  trunk,  springing  from  the 
aorta  immediately  beneath  the  origin  of  the  inferior  mesenteric, 
gave  off  the  sigmoid  and  superior  haemorrhoidal  branches,  and 
from  the  left  side  of  the  aorta  at  the  same  level  an  accessory 
renal  artery  passed  to  the  left  kidney. 

The  inferior  mesenteric  vein  crossed  the  middle  line  obliquely, 
just  above  the  origin  of  the  inferior  mesenteric  artery,  to  join 
the  superior  mesenteric  vein,  which  accompanied  its  artery,  at  a 
point  an  inch  before  the  communication  of  the  superior  mesen- 
teric and  splenic  veins. 

Causation  of  the  Preceding  Abnormalities. — ^The  most  prominent 
features  of  this  case  were  the  position  of  the  large  intestine,  con- 
sisting only  of  an  ascending  and  descending  portion,in  the  left  side 
of  the  abdominal  cavity ;  its  length,  3  feet  7  inches ;  and  the 
displacement  of  the  junction  of  the  duodenum  and  the  jejunum 
to  the  right  side  of  the  aorta.  The  displacement  to  the  left,  and 
arrest  in  growth  of  the  large  intestine,  are  two  facts  which,  though 
intimately  related,  must  be  distinguished  from  one  another.     In 
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publications  on  this  subject  several  cases  are  recorded,  in  which 
the  large  intestine  has  been  found  on  the  left  side  of  the  abdomen. 
Some  of  these  are  referred  to  by  Mr  Lockwood  in  his  paper  "  On 
Abnormalities   of    the  Caecum  and  Colon  with    reference  to 
Development"  (Brit.  Med.  Journal,  1882,  voL  iLp.  574),  in  which 
there  is  a  full  account  of  the  literature  of  this  subject.     Dr  John 
Beid  describes  two  such  cases  {Edin.  Med.  and  Surg.  Jour.,  voL 
xlvi.,  1836,  p.  70),  but  in  both  of  these  cases  the  csecum  lay  in  the 
left  lumbar  region,  and  the  course  of  the  large  intestine  seems  to 
have  been  more  complicated  than  in  the  present,  while  in  a  case 
reported  by  Dr  Hilton  Fagge  {Guy's  HofypUcd  Reports,  p.  345,  Case 
57),  where  the  large  intestine  was  on  the  left  side,  the  caecnm 
was  situated  in  the  pelvis.    Sir  James  Y.  Simpson  noted  a  case 
{Edin.  Med.  and  Surg.  Jour.  1839,  vol.  Hi.  p.  26),  in  which  the 
whole  of  the  large  intestine  lay  to  the  left  side,  which  case  seems 
more  nearly   than  the  others  to  have  resembled  the  present, 
though  differing  slightly,  in  that  the  ascending  colon  was  nearer 
the  middle  line,  and  that  the  caecum  was  retained  by  adhesions, 
which  bound  it  to  the  lining  membrane  of  the  pelvis.     In  the 
cases  reported  by  Dr  Reid  and  Dr  Fagge  no  explanation  of  the 
peculiar  position  of  the  intestine  is  offered,  but   Sir  James 
Simpson  points  to  the  probability  of  the  bands  of  adhesion 
having  been  the  cause  of  the  displacement  in  his  case,  though  he 
admits  that  there  is  no  positive  proof  that  these  adhesions  "  were 
formed  at  such  an  age  as  would  have  enabled  them  mechanically 
to  effect  the  displacement  of  the  caput  caecum."    He,  however, 
gives  his  opinion  in  favour  of  the  view  that  peritonitis  in  the 
foetus  is  a  common  cause  of  abnormalities  in  the  development  of 
the  intestines,  and  later  writers,  e.g.^  Professor  Turner  {Edin.  Med. 
Jour.,  1863,  p.  113)  and  Mr  Lockwood  {he.  cit.)  agree  with  him 
on  this  point.    The  difficulty  in  explaining  cases  of  this  sort 
seems  to  have  been  to  prove  that  adhesions,  when  present,  were 
due  to  peritonitis  in  the  fcetus,  and  not  the  result  of  a  later  in- 
flammatory process,  while  in  cases  in  which  no  evidence  at  all  of 
inflammation  has  been  seen  the  cause  of  the  displacement  has 
been  further,  if  not  absolutely,  obscured.     Yet  it  must  not  be 
supposed   that  the  absence  of    all   appearance  of    peritonitic 
adhesions  and  false  membranes  in  the  adult  is  a  proof  that  there 
has  been  no  previous  inflammatory  process,  for,  as  Professor 
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Tumer  points  out  (^  ci^.),  the  observations  of  other  pathologists 
have  since  confirmed  the  view  put  forward  by  Sir  James  Simpson, 
when  be  asks  {loc  cit,)  whether  the  absence  of  the  adhesions, 
which  led  to  the  visceral  displacement  in  the  early  foetus,  may 
not  in  some  cases  depend  upon  their  absorption  during  the  inter- 
vening period. 

In  the  present  case,  however,  the  results  of  inflammation  are 
abundantly  evident  in  the  adhesions  which  exist  between  the 
stomach,  liver,  intestines,  and  the  abdominal  walls,  as  well  as 
between  the  different  parts  of  the  intestines  themselves — so  that 
the  only  question  here  is,  whether  these  adhesions  existed  during 
fcetal  life  in  a  position  which  would  so  affect  development  as 
to  produce  the  individual  abnormalities  described. 

Before  proceeding  to  explain  these  abnormalities,  it  may  be  of 
advantage  to  note  what  the  normal  oourse  of  development  of  the 
intestines  is.     This  has  been  described  by  Professor  Flower 
{Med.  Times  and  Oaaettej  1872,  vol.  i   p.   291),  and   also  by 
Professor  Cleland  in  several  of  his  papers  (Jfmim,  Anat,  and 
Fhys.,  May  1868,  May  1870,  April  1883).    These  writers  show 
that  at  an  early  period  the  alimentary  tube  is  a  mesial  structure 
with  a  long  loop  projectiog  out  at  the  umbilicus.    The  two  ends 
of  this  primary  loop  are  united  by  a  narrow  neck  of  mesentery, 
in  which  lies  the  tnink  of  the  superior  mesenteric  artery,  which 
is  the  artery  of  the  loop.    The  upper  end  of  this  loop  is  at  the 
pylorus,  and  from  it  the  duodenum  is  formed,  while  from  the 
lower  end,  at  a  later  stage,  the  right  half  of  the  transverse  and  the 
whole  of  the  ascending   colon   are  formed  by   a  process  of 
elongation.     The  growth  of  this  primary  loop,  therefore,  takes 
place  in  two  stages,  the  first  a  growth  which,  starting  near  the 
pylorus,  forms  the  duodenum  and  elongates  the  whole  small 
intestine,  the  second  a  growth  from  the  colic  end  of  the  loop. 
When  these  two  elongations  from  the  upper  and  lower  ends  of 
the  primary'  loop  take  place,  the  direction  of  growth  is  in 
opposite  directions  in  the  two  instances.    In  consequence  of 
thisy  and  owing  to  the  narrowness  of  the  neck  of  the  primary 
loop  of  intestine,  a  crossing  of  the  caecum  over  the  duodenum 
occurs,  and  thus  after  a  time  the  csecum  comes  to  occupy  its 
adult  position.    The  non-occurrence  of  this  twisting  of  the 
caecum  over  the  duodenum  would  therefore  lead  to  marked 
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changes  in  the  develcpment  and  adult  position  of  the  intestines. 
Professor  Cleland  points  out  that,  in  addition  to  the  primary, 
there  are,  in  the  developing  alimentary  canal,  two  secondary 
loops,  one  formed  by  the  stomach  above,  and  the  other  by  the 
left  half  of  the  transverse  and  the  descending  colon  below  the 
primary  loop.  The  arrangement  of  the  vessels  supplying  the 
primitive  alimentary  tube  corresponds  with  this  separation  of 
the  intestine  into  three  loops,  the  superior  mesenteric  artery 
going  to  the  primary,  the  coeliac  axis  to  the  upper  secondary,  and 
the  inferior  mesenteric  to  the  lower  secondary  loop,  so  that  there 
are  three  loops  or  portions  of  the  intestinal  canal — a  superior 
mesenteric,  a  coeliac,  and  an  inferior  mesenteric. 

In  the  description  of  the  present  case,  I  pointed  out  that  the 
mass  of  small  intestine  lay  in  the  right  side  of  the  abdominal 
cavity,  and  that  its  upper  part,  where  the  duodenum  joins  the 
jejunum,  was  on  the  right  side  of  the  aorta,  while  the  musculus 
suspensorius  duodeni  was  tightly  stretched  across  the  aorta, 
indicating  that  some  force  had  come  into  play,  in  order  to  effect 
this  change  in  position  of  a  part  of  the  intestine  which  is 
normally  situated  to  the  left  of  the  aorta.  I  also  described  the 
superior  mesenteric  artery  as  lying  at  its  origin  to  the  right 
instead  of  to  the  left  of  the  aorta,  and  its  branches  to  the  small 
intestine,  all  coming  off  from  the  right  instead  of  the  left  of  the 
parent  trunk.  A  similar  arrangement  of  the  superior  mesenteric 
branches  to  the  small  intestine  has  been  noted  by  Dr  John 
Reid  (loc.  dt),  and  also  by  Professor  Chiene  {Joum.  AruU.  and 
Phys,,  1868,  p.  15). 

The  position  of  the  point  of  junction  of  the  duodenum  with 
the  jejunum,  and  of  the  upper  part  of  the  superior  mesenteric 
artery  on  the  right  side  of  the  aorta,  prove  that  the  cause  which 
effected  this  change  from  the  normal  must  have  come  into  play 
in  the  young  foetus,  for,  from  a  very  early  date  in  development, 
these  two  portions  of  the  intestine  and  its  artery  respectively 
occupy  a  constant  position  on  the  left  of  the  aorta,  however 
indefinite  the  situation  of  the  free  coils  of  the  intestine  or  the 
distribution  of  its  artery  may  be.  As  further  proof  of  the  early 
date  at  which  changes  in  development  took  place,  the  circum- 
stance that  the  stomach  was  situated  entirely  to  the  left  of  the 
middle  line,  leaves  little  room  for  doubt  that  the  adhesions 
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which  were  found  in  the  adult  fixing  it  in  that  position  had 
been  formed  at  a  period  of  foetal  life  before  the  pylorus  had 
passed  to  the  right  side  to  reach  its  normal  adult  situation,  and 
thus  the  stomach  was  retained  altogether  on  the  left  side  of  the 
abdomen 

An   examination  of  the  abdominal  viscera  in  a  foetus  about 
one  and  a  half  inches  in  length  from  the  vertex  to  the  coccyx 
affords    strong  proof  in  favour  of    this  view,  for  there  the 
stomach  is  found  lying  to  the  left  of  the  mesial  plane,  with  the 
folds  of  the  great  omentum  hanging  loosely  from  its  inferior 
border,  so  that  it  is  easy  to  understand  how  adhesion,  as  the 
result  of  foetal  peritonitis,  might  take  place  between  the  folds  of 
the  great  omentum  and  the  anterior  wall  of  the  abdomen  on  the 
left  side,  and  thus  the  developing  stomach  would  in  the  adult 
continue  in  the  position  which  it  occupied  in  the  foetus  at  the 
time  when  the  inflammatory  process  occurred.    The  layers  of 
the  great  omentum,  adhering  to  the  anterior  wall  of  the  abdomen, 
would  form  a  membranous  partition,  shutting  off  the  upper 
portion   of  the  abdominal  cavity,  which  partition  persisting 
during  growth  explains  the  appearances  here  noted  in  the  adult. 
During  normal  development,  the  crossing  of    the  colon  over 
the  upper  end  of  the  primary  loop,  as  the  caecum  passes  to  reach 
its  ultimate  position  in  the  right  iliac  fossa,  causes  the  small 
intestine  to  occupy  partly  the  left  side  in  the  abdomen.     Bearing, 
then,  in  mind  the  facts  noted  above,  as  regards  the  early  date 
at  which  developmental  c]banges  must  have  taken  place  in  the 
present  case,  and  finding  that  the  small  intestine  as  well  as  its 
vessels  are  placed  altogether  to  the  right  of  the  middle  line,  and 
that  the  large  intestine,  on  the  other  hand,  is  wholly  confined  to 
the  left,   and    only   measures    3   feet  7^  inches    in    length 
as  compared  with  the  normal  5  or  6  feet,  it  seems  fair  enough 
to  assume  that  a  change  in  the  course  of  the  large  intes- 
tine must  have  taken  place  at  a  very  early  period  in  foetal  life, 
before,  in  fact,  the  large  had  completed  its  twist  over  the  small 
intestina     Thus  the  coils  of  the  small  intestine,  occupying  the 
right  side  of  the  abdominal  cavity,  would  in  the  course  of  growth 
act  on  the  point  of  junction  of  the  duodenum  and  the  jejunum, 
so   as  to  drag  it  towards  the  right  side  of  the  aorta,  and  put 
on  the  stretch  the  fibres  of  the  musQulus  suspensorius  duodeni. 
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while  the  course  of  the  vessels  was  correspondiDgly  altered  to 
the  right  side. 

This  non-occurrence  of  the  twist  of  the  colon  over  the 
duodenum  is  a  point  of  the  greatest  importance,  not  only  in  that 
an  explanation  is  thus  afforded  of  the  abnormalities  in  the 
present  instance,  but  also  because  of  the  wide  bearing  that  it 
seems  to  have  in  connection  with  abnormalities  of  the  colon  in 
general. 

In  the  foetus  already  referred  to,  the  stomach  and  intestines 
of    which    are    above    described,  the    c»cnm    is    situated    a 
little  to  the  right  of  the  middle  line  of  the  abdomen^  having 
just  passed  to  the  right  between  the  pylorus  and  the  coils  of 
the  small  intestine, — so  that  it  is  evident  that  a  band  of  false 
membrane,  passing  in  the  vertical  antero-posterior  plane  from 
the  curve   of    the    duodenum   to  the  upper  surface   of    the 
mesentery,  would  have  prevented  this  passage  of  the  csecum  to 
the  right  from  taking  place.     Such  a  band  of  false  membrane 
has  been  described  in  the  present  casa    That  it  was  developed 
as  the  result  of    a  peritonitis   occurring  in  the   foetus,  and 
formed  an  obstacle  which  prevented  the  twist  taking  place, 
so  altering  the  course  of  the  large  intestine,  is  I  think  highly 
probable,  not  only  because  the  date  of  the  occurrence  of  the 
change  in  direction  of  the  large  intestine  can  thus  be  fixed  to  a 
time  which  is  in  harmony  with  the  evidence  on  that  point 
afforded  by  the  other  facts  of  the  case,  but  because  the  explan- 
ation thus  afforded  of  this  primary  alteration  in  the  course  of 
the  large  intestine  enables  us  also  to  understand  how  the  displace- 
ment occurred  which  resulted  in  the  adult  position  of  the 
portions  of  the  large  intestine.    For  if  this  band,  passing  from 
the  duodenum  to  the  mesentery,  did  check  the  progress  towards 
the  right,  and  passage  over  the  duodenum  of  the  caecum  and  the 
developing  colon,  it  follows  that  the  further  growth  of  the  large 
intestine  would  cause  the  csecum  to  glide  downwards  to  the 
left  of  the  coils  of  the  small  intestine,  dragging  with  it  the 
upper  part  of  the  inferior  mesenteric  loop  of  intestine,  and  the 
lower  part  of  the  small  intestine,  till  the  caecum  reached  its 
adult  position  in  the  left  iliac  fossa,  and  the  angle  between  the 
two  portions  of  the  inferior  mesenteric  loop  being  obliterated 
they  came  to  lie  side  by  side  in  the  left  half  of  the  abdomen ; 
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the  greatly  diminished  length  of  the  large  intestine  being  thns 
in  great  measare  due  to  the  alteration  in  its  normal  coarse  of 
development. 

The  two  pointed  folds  which  have  been  described  as  passing 
down,  one  on  each  side  of  the  upper  part  of  the  ascending  portion 
of  the  colon,from  theundersurface  of  the  adherent  great  omentum, 
are  projections  of  peritoneum  which  have  resulted  from  obliter- 
ation of  the  angle  at  the  splenic  flexure  as  the  displacement  of 
the  colon  took  place. 

Adhesions  have  been  described  between  the  two  portions  of 
the  colon.  These  adhesions,  if  they  occurred,  as  probably  they 
did,  at  the  same  early  date  as  the  others,  may,  by  binding  the  two 
portions  of  the  colon  together,  have  formed  a  secondary  factor  in 
determining,  along  with  the  inherent  force  of  growth,  the  course 
of  the  c^cum  towards  the  left  iliac  fossa.  They  also,  no  doubt, 
acted  along  with  the  displacement  in  preventing  the  growth  of 
the  colon. 

I  have  already  alluded  to  the  position  of  the  superior  mesen- 
teric artery  and  its  branches,  as  proof  of  the  early  date  at  which 
changes  must  have  taken  place  here.     In  the  course  and  distribu- 
tion of  the  inferior  mesenteric  we  have,  I  think,  still  further  con- 
firmation of  the  view  which  has  been  taken  of  the  date  and 
manner  of  occarrence  of  the  alteration  in  the  course  of  develop- 
ment of  the  colon,  and  of  its  subsequent  displacement.    The 
peculiarity  in  the  distribution  of  the  inferior  mesenteric  artery 
was,  that  besides  giving  branches  to  the  ascending  and  descending 
portions  of  the   colon  it  supplied   3  feet    10   inches  of   the 
lower  part  of  the  small  intestine.    Now,  supposing  the  change  in 
course  of  the  developing  colon  to  have  taken  place  at  a  stage  of 
growth   slightly   earlier    than    that    described    in    the    foetus 
which  was  examined,  when  only  the  inferior  mesenteric  loop 
of  intestine,   and  none  of  the  ascending   or  left    half  of  the 
transverse  colon,  had  as  yet  been  developed,  the  right  and 
middle    colic    branches    of    the    superior    mesenteric    artery, 
which  supply  the  ascending  and  right  half  of  the   transverse 
colon,  could  not  yet  have  been  developed,  while  the  inferior 
mesenteric  artery,  with  its  branch  which  ascends  to  anastomose 
with  the  superior  mesenteric,  would  be  relatively  perfect.    So 
that,  when  the  change  in  the  course  of  development  took  place, 
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and  the  csecum,  with  the  end  of  the  email  intestine,  passed  down 
to  the  left  iliac  fossa,  the  lower  portion  of  this  small  intestine 
would  naturally  come  to  receive  most  of  its  blood  supply  from  the 
nearest  source,  viz.,  the  inferior  mesenteric,  and,  by  enlargement 
of  capillaries  and  arterioles,  there  would  result  the  adnit 
condition  of  a  large  branch  of  the  inferior  mesenteric  for  the 
lower  part  of  the  small  intestine.  The  bend  of  the  inferior 
mesenteric  on  itself  at  is  origin  is  thus  explained  by  the  sudden 
downward  displacement  of  the  colon,  which  occurred  after  the 
primary  arrest  of  the  twist  of  the  intestines,  while  the  curve  of 
the  artery  to  the  right  may  be  accounted  for  by  the  mass  of  the 
small  intestine  on  the  right  side  acting  on  the  developing  vessel. 
The  small  size  of  the  branch  which  supplied  the  two  portions  of 
the  colon  must  be  taken  in  connection  with  the  great  diminution 
in  length  of  the  large  intestine. 

Again,  by  the  fact  of  the  sigmoid  and  superior  hsemorrhoidal 
branches  being  given  off  by  a  separate  common  trunk  from  the 
aorta,  and  by  the  presence  on  the  left  side  of  an  accessory  renal 
artery,  further  evidence  is  afforded  of  disturbance  at  an  early 
period  of  the  normal  development  of  vessels. 

This  case  then  seems  to  have  been  one  in  which  a  peritonitis 
occurring  in  the  early  foetus  led  to  the  formation  of  adhesions 
and  false  membranes  in  various  parts  of  the  abdominal  cavity. 
As  a  result  of  these  formative  changes  following  an  inflam- 
matory process,  arrest  of  the  twist  of  the  large  over  the  small 
intestine,  and  subsequent  displacement  of  the  colon,  followed  by 
transposition  of  the  small  intestine  to  the  right  side,  as  well 
as  retention  of  the  stomach  in  its  foetal  position,  and  various 
changes  in  the  course  and  distribution  of  the  intestinal  vessels 
took  place. 

The  chief  point  of  interest  in  this  case  are  (1 )  the  persistence, 
in  the  adult,  of  the  adhesions,  which  in  foetal  life  gave  rise  to 
the  abnormal  disposition  of  the  viscera,  and  (2)  the  non-occurrence 
of  the  twist  in  the  developing  intestine — a  pathological  fact, 
which,  beyond  the  present  instance,  seems  to  be  of  importance  in 
the  causation  of  many  abnormalities  of  the  colon. 

I  wish  to  offer  my  heartiest  thanks  to  Professor  Cleland  for 
his  kind  assistance  in  preparing  this  paper. 


ON  THE  DELINEATION  OF  SKULLS  BY  COMPOSITE 
PHOTOGRAPHY.  By  Arthur  Thomson,  M.B.,  Senior 
DemoTistratoT  of  Anatomy,  Uhivernty  of  Edinburgfu 
(Plate  VIL) 

Hitherto,  in  the  study  of  Craniology  one  of  the  greatest 
difiScalties  has  been  to  obtain  a  skull  of  the  race  under 
examination,  embodying  all  the  peculiarities  characteristic  of 
the  crania  of  that  race,  without  at  the  same  time  giving  undue 
prominence  to  personal  or  individual  variations.  Numerous 
methods  have  been  employed  to  arrive  at  such  a  result,  long  and 
elaborate  tables  of  measurements  have  been  published,  from 
which  averages  have  been  deduced,  and  indices  adopted  for  the 
purposes  of  comparison.  This  arrangement  is  of  much  scientific 
value,  but  it  must  be  confessed  a£fords  little  information  to  those 
not  versed  in  this  department  of  science. 

Whilst  by  no  means  depreciating  the  value  of  these  measure- 
ments, I  consider  that  a  graphic  method  of  comparison  is  at 
least  the  one  which  appeals  most  forcibly  to  the  uninitiated,  and 
which,  in  addition,  presents  certain  other  novel  features  worthy 
of  note.  That  the  value  of  a  graphic  method  of  comparison  of 
crania  has  long  been  recognised,  is  fully  proved  by  the  existence 
of  numerous  instruments  specially  designed  to  enable  the 
observer  to  make  an  outline  plan  or  chart  of  the  skull  which  he 
is  examining ;  subsequently  this  chart  may  be  made  use  of  to 
measure  certain  angles  or  compare  the  distances  between  certain 
points,— of  such  a  nature  are  the  craniograph  and  stereograph  of 
Broca,  which  are  amongst  the  instruments  most  frequently 
employed  for  this  purpose.  Another  and  more  direct  manner  of 
obtaining  outlines  of  skulls  is  to  make  use  of  tracings  taken 
from  sections  of  the  cranium,  the  vertical  mesial  section  being 
the  one  usually  adopted.  This  plan  answers  well  to  enable  us 
to  compare  many  important  features,  but  is  open  to  the  objec- 
tion that  it  necessitates  division  of  the  skull,  liberty  for  doing 
which  we  unfortunately  cannot  always  obtain. 

The  drawings  obtained  by  the  above  or  similar  methods 
resemble  an  architect's  plan,  in  that  they  are  orthogonal  pro- 
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jections,  that  is  to  say,  they  are  not  subsorvient  to  the  laws  of 
perspective,  and  hence  measurements  taken  from  them  may  be 
relied  upon  as  correct. 

Photography  has  not  been  extensively  used  in  this  depart- 
ment, as  it  has  been  open  to  the  objection  that  the  representa- 
tions produced  are  perspective  views  of  the  skulls  which  have 
been  "taken/'  and  hence,  portions  of  the  skull  nearer  the 
camera  will  bear  a  relatively  larger  proportion  to  parts  of  the 
skull  more  distant  than  they  do  by  actual  measurement.  This 
is  doubtless  true,  theoretically,  especially  when  a  lens  of  wide 
angle  and  short  focus  is  employed,  but,  practically,  it  is  reduced 
to  a  minimum,  and  may  be  disregarded  if  we  adopt  the  precau- 
tion of  making  use  of  a  lens  of  long  focus.  By  that  means  the 
distance  between  the  object  and  the  camera  being  greater,  the 
convergence  of  the  rays  is  less,  and  hence  approaches  more 
nearly  to  the  parallelism  of  the  rays  in  the  orthogonal  projection ; 
in  other  words,  if  we  wish  to  estimate  the  proportions  of  a  largo 
pile  of  buildings,  we  do  not  stand  close  to  it,  in  which  position 
we  would  fail  to  form  any  just  conclusion  of  the  relative  height 
of  the  tower  to  the  rest  of  the  edifice,  but,  seeking  some  point  at 
a  considerable  distance,  we  obtain  a  view  of  the  structure  bearing 
a  striking  resemblance  to  the  architect's  elevation  of  the  same. 

Again,  the  photograph  has  this  great  advantage  over  the 
projections  already  spoken  of,  in  that,  by  the  portrayal  of  the 
alternations  of  light  and  shade>  it  gives  us  a  faithful  representa- 
tion of  the  surface  contours  of  the  skull. 

With  these  remarks  in  defence  and  in  favour  of  the  means  by 
which  I  was  enabled  to  obtain  the  present  results,  the  next 
difficulty  was  to  procure  a  graphic  type  of  a  series  of  skulls,  and 
here  I  must  express  my  thanks  to  Mr  Francis  Galton  for  the 
suggestions  on  composite  photography  publistied  in  his  work. 
Inquiries  into  Human  Faculty  and  its  DevelopmerU.  Composite 
photography  has,  since^  the  publication  of  this  work,  been 
employed  by  numerous  investigators,  but,  so  far  as  I  am 
aware,  it  has  not  hitherto  been  made  use  of  in  this  connection. 

Though  the  results  which  I  publish  at  present  are  not  so 
complete  as  I  would  have  desired,  yet  I  think  that  they  are  of 
sufficient  interest  to  warrant  attention  being  drawn  to  them. 

For  the  purpose  of  comparison  1  have  produced  composite 
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photographa  of  Australian  and  European  skulls,  for  the  loan  of 
which  I  am  indebted  to  Professor  Turner. 

The  Ai£8tralian  series  consists  of  the  photographs  of  eight 
nude  skulls  combined,  that  of  the  Europeans  being  composed  of 
the  combination  of  four  French  male  skulls.  As  will  be  seen 
from  the  plates,  a  profile  and  full-faced  view  of  each  series  was 
obtained. 

In  order  to  procure  these  results  attention  had  to  be  paid 
to  the  following  points : — The  skulls  were  photographed  in 
a  soft  diflFose  light,  so  that,  as  far  as  possible,  strong  contrast 
of  light  and  shade  was  avoided ;  this  was  found  necessary,  as  in 
the  composite  printing  the  thin  portion  of  one  negative  might 
obeoore  or  overprint  the  details  exhibited  by  another  in  the 
same  situation ;  next,  in  taking  the  f uU^face  views,  I  required 
to  reduce  skulls  of  different  siaes  to  a  common  scala  This  was 
accomplished  in  the  following  manner: — A  vertical  line  was 
drawn  through  the  centre  of  the  screen  of  the  camera,  and  on 
this  line  two  points  were  marked  off,  which,  as  each  skull  was 
focussed  on  the  screen,  were  made  to  correspond  to  the  fronto- 
nasal suture  and  superior  alveolar  border  respectively.  By  this 
arrangement  the  distance  between  these  points  in  all  the  skulls 
was  reduced  to  a  common  measure,  a  fact  which  was  taken 
advantage  of  in  the  further  operations  as  a  baseline  on  which  to 
Jkey  the  plates.  Whilst  focussing,  care  was  taken  that  the  vertical 
line  on  the  screen  overlay  the  intermaxillary  suture  interiorly 
and  the  suture  between  the  nasal  bones  superiorly,  as  seen  upon 
the  ground  glass.  Care  was  also  taken  that  equal  halves  of  the 
skull  appeared  on  either  side  of  this  vertical  line,  and  in  order  to 
ensure  an  accurate  correspondence  of  the  photographs  with  each 
other,  it  was  further  necessary  to  place  all  the-  skulls  in  tbe 
same  horizontal  plane,  the  plane  chosen  being  that  which  passes 
through  the  lower  orbital  margin  anteriorly,  and  the  upper  part 
of  the  external  auditory  meatus  posteriorly. 

In  taking  the  side  views  of  the  crania  similar  precautions  were 
observed.  Unfortunately  for  reasons  connected  with  the  apparatus 
at  my  disposal,  I  was  unable  to  photograph  the  profile  views  on 
exactly  the  same  scale  as  the  full-face  views.  As  the  side  views 
of  the  French  and  Australian  series  are  reproduced  to  the  same 
scale,  they  may  be  readily  compared  with  each  other.    In  this 
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instance  a  horizorUcd  line  was  drawn  across  the  screen  of  the 
camera,  and  this  line  was  made  to  occapy  the  horizontal  plane 
already  spoken  of.  As  the  image  was  focussed,  a  point  was 
then  taken  on  this  line  which  was  made  to  correspond  to  the 
upper  part  of  the  external  auditory  meatus,  the  line  anteriorly 
passed  through  the  inferior  orbital  margin,  anterior  to  which 
another  point  was  taken,  to  which  the  free  margin  of  the  nasal 
process  of  the  superior  maxilla  was  made  to  correspond.  In 
this  way  a  base  line  was  obtained,  which  was  of  equal  length  in 
all  the  negatives,  and  which  was  made  use  of  in  the  subsequent 
stages  of  the  process  in  a  similar  manner  to  the  vertical  line  in 
the  full-face  series.  I  may  here  state  that,  in  using  the  terms 
superior  and  inferior  in  regard  to  the  skull,  I  have  disregarded 
the  inversion  of  the  image  upon  the  screen  of  the  camera.  I 
was  thus  enabled  to  obtain  two  negatives  of  each  skull  in  the 
series,  one  a  face,  the  other  a  side  view. 

My  next  object  was  to  procure  a  graphic  type,  by  combining 
the  negatives  of  the  different  series.  This  was  attended  with 
considerable  difEculty,  and  it  was  only  after  repeated  trials  that 
I  adopted  the  following  plan : — The  negatives  were  taken,  and 
lines  at  right  angles  to  each  other  were  drawn  through  certain 
corresponding  fixed  points  on  the  different  plates,  the  vertical 
and  horizontal  lines  I  have  already  mentioned  being  made  use 
of  as  bases  upon  which  to  superimpose  the  different  images. 
I  was  thus  enabled  to  key  the  negatives  on  to  a  sensitive 
plate  in  the  same  manner  in  which  a  lithographer  registers  his 
proof  on  the  stone.  By  exposing  this  sensitive  plate  to  light 
under  successive  negatives,  I  obtained  a  composite  positive,  from 
which  I  again  printed  a  glass  negative  by  super-position,  from 
this  composite  negative  I  was  then  able  to  print  off  any  number 
of  silver  prints.  The  plates  which  accompany  this  paper  are 
reproduced  from  the  composite  negative  by  means  of  a  photo- 
mechanical process,  which,  if  not  securing  as  perfect  a  result 
as  the  silver  print,  at  least  preserves  the  faithfulness  of  the 
original. 

A  glance  at  the  plates  will  show  that,  though  the  individual 
skulls  of  the  different  series  varied  much  in  size,  yet  when 
reduced  to  a  common  scale  they  display  a  remarkable  similarity 
in  their  contours  and  modelling.    But,  in  addition  to  displaying 
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what  we  may  term  the  typical  appearances  of  the  crania  of  the 
group,  individual  variations  are  also  represented,  as  shown 
in  Plate  YIL  figs.  2  and  4.  In  fig.  2  we  observe  the  outline 
of  a  skull,  the  highest  point  of  which  is  placed  higher  and  more 
posterior  than  that  of  its  fellows.  Again,  in  fig.  4  we  notice  an 
outline  which,  from  the  fronto-nasal  suture  to  the  inion,  far 
exceeds  that  of  any  of  the  other  crania  in  the  same  series,^  and 
yet  it  is  worthy  to  note  how  remarkably  the  contour  of  this  line 
resembles  those  which  lie  immediately  within  it  As  indivi- 
dual variations  in  this  figure,  we  may  draw  attention  to  the 
varying  projection  of  the  superciliary  arches. 

It  is  hardly  necessary  to  contrast  the  types  of  the  two  series, 
as  the  plates  speak  for  themselves,  but  it  may  be  as  well  to  draw 
attention  to  one  or  two  points. 

In  the  full-face  views  of  the  Australian  and  European  types, 
the  marked  difference  in  the  general  contours  is  at  once  evident, 
but  in  addition  the  figures  also  display  notable  differences  in  the 
shape  and  size  of  the  orbits,  as  also  in  the  appearance  presented 
by  the  anterior  nares.  The  difference  in  build  of  the  malars  and 
superior  maxilldd  is  well  shown,  and  the  character  of  the  frontal 
region  well  contrasted* 

In  studying  the  profile  views,  it  is  curious  to  observe  how 
closely  the  outlines  overlie  one  another,  inferior  to  a  line  drawn 
from  the  external  occipital  protuberance  to  the  fronto-nasal 
suture.  The  difference  of  contours  in  figs.  2  and  ^is  evident, 
and  it  is  interesting  to  see  how  straight  the  outline  from  mastoid 
process  to  external  occipital  protuberance  is  in  fig.  4,  also  how 
this  latter  point  very  nearly  approaches  the  maximum  occipital 
point,  whereas  in  fig.  2  the  inion  lies  much  anterior  to  it. 

F^.  4  as  contrasted  with  fig.  2  also  shows  well  the  forward 
thrust  of  the  superior  maxiUse  with  a  corresponding  elongation 
of  the  zygomatic  arches  whereby  the  prognathism  of  the  skull 
is  produced. 

There  is  doubtless  much  room  for  improvement  in  the  produc- 
tion of  these  composite  prints  which  experience  only  will  teach 

^  These  Australian  skalls  have  been  described  by  Professor  Turner  in  his  Report 
on  the  Crania  of  the  Challenger  Expedition,  and  profile  and  ftiU-face  views  of 
this  sknU  from  the  Riverina,  N.S.  W.,  are  given  in  plate  ii  figs.  1,  2,  Zooh  Chall, 
Eaep,,  part  xxiz.,  1884. 

VOL.  XIX.  H 
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UB,  still  I  think  that  already  sufficient  has  been  shown  to  prove 
the  utility  of  such  a  method  in  comparing  and  contrasting  type 
skulls  of  the  different  races. 


EXPLANATION  OF  PLATE  VIL 

Fig.  1 .  Composite  photograph  of  four  French  crania,  full-face  view. 
Fig.  2.  Profile  of  the  same. 

Fig.  3.  Composite  photograph  of  eight  Australian  crania,  full-face 
view. 

Fig.  4.  Profile  of  the  same. 

[This  Plate  will  appear  in  the  January  numher  of  this  JouniaL'\ 


EEPAIR  OF  WOUNDS  AND  FRACTURES  IN  AGED 
PERSONS.    By  Professor  Humphry. 

It  will  have  been  observed  bj  others,  as  well  as  by  myself,  that 
ulcers  heal  quickly  in  old  persons ;  and  that  the  processes  of  grana- 
lation  and  cicatrisari^ion  proceed  in  them,  on  the  whole,  with  even 
greater  rapidity  than  they  do  at  earlier  periods  of  life.  We  see  this 
more  especially  in  the  leg,  because  ulcers  are  much  more  frequent  in 
this  r^on  than  in  other  parts ;  but  the  observation  is  not  confined  to 
them.  I  have  noticed  this  reparative  activity  in  the  aged  under  many 
circumstances  and  in  various  parts  of  the  body ;  and,  my  own  experi- 
ence indicating  that  the  same  holds  good  with  regard  to  wounds  and 
fractures,  and  that  the  commonly  received  opinion  to  the  contrary  on 
this  head  is  erroneous,  I  ventured,  in  a  note  recently  printed  in  the 
British  Medical  Jowmaly  to  ask  for  information  from  others,  that  I 
might  ascertain  whether  their  experience  accorded  with  my  own. 

My  attention  was  first  directed  to  the  subject  by  the  case  of  a  man, 
i^ed  88,  who  consulted  me  many  years  ago  respecting  a  warty  growth, 
with  some  ulceration,  on  the  lower  lip,  which  annoyed  him,  and  which 
he  wished  to  have  removed.  I  excised  a  large  piece  of  the  lip  by  the 
usual  Y-incision,  and  the  wound  healed  as  rapidly  and  firmly  as  any 
of  the  kind  I  ever  saw.  About  the  same  time,  I  operated  for  femoral 
hernia  on  a  feeble  woman,  aged  75,  and  the  wound  was  soundly  healed 
in  three  days.  Several  similar  cases  have  come  under  my  own  notice, 
and  some  have  been  sent  in  answer  to  my  inquiry ;  not  so  many  as  I 
could  have  wished,  but  enough  to  establish  the  fact  of  the  quick  union 
of  wounds  in  old  people. 

The  statement  must  be  qualified  in  a  manner  which  savours  rather 
of  the  paradoxical ;  namely,  that  wounds  in  old  people  heal  quickly, 
provided  they  do  not  slough.  That  is  to  say,  the  apparently  opposite 
tendencies  exist  at  this  time  of  life — namely,  the  tendency  to  slough 
and  the  tendency  to  heal  quickly.  Such,  for  instance,  is  the  observa- 
tion of  oculists,  whose  testimony  on  the  subject  I  have  asked. 
They  find  tliat  the  cornea  sometimes  sloughs  after  the  operation  for 
cataract  in  old  people ;  but  that,  when  it  does  not  slough,  the  wound 
heals  quite  as  quickly  as,  or  more  quickly  than,  at  an  earlier  time  of  life. 
So  in  other  operations.  The  old  person  may  sink,  or  the  wound  may 
slough  or  ulcerate ;  but,  if  these  eventualities  are  escaped,  a  quick 
healing  may  be  expected. 

Certainly  this  would  not  have  been  anticipated.  We  shoidd  not 
have  thought  that,  when  the  nutritive  forces  are  generally  failing, 
when  strength  and  weight  are  diminishing,  when  repair  is  each  year 
less  and  less  able  to  keep  pace  with  wear,  as  evinced,  among  other 
things,  by  the  fact  that  exhaustion  is  more  quickly  induced  and  less 
quickly  recovered  from;  when  the  brain  is  shrinking,  and  memory 
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and  other  mental  powers  are  lowering,  and  when  the  ciicnlation  is 
becoming  weaker, — that,  under  these  circumstances,  the  nutritive  or 
reparative  processes  concerned  in  breach-closing,  in  the  healing  of 
wounds  and  ulcers,  should  manifest  an  increase  of  energy,  at  any  rate, 
of  rapidity,  in  carrying  on  their  work.  I  do  not  know  well  how  to 
explain  it ;  but  this  exceptional  phenomenon  of  nutrition  is  not 
pecular  to  old  age.  It  may  be  observed  in  some  other  lowered 
conditions.  The  wounds  in  patients  exhausted  by  large  losses  of  blood 
usually  heal  quickly,  as  they  also  do  after  operations  for  cancer,  and 
in  many  other  debilitated  conditiona  I  do  not  mean  persons  of 
naturally  strumous  temperament,  but  persons  who  have  been  weakened 
by  illness  or  in  other  ways.  So  do,  commonly,  the  gaps  caused  by 
carbuncles,  and  bed  sores  ;  and  very  remarkable  is  the  quick  healing 
of  the  stump  left  by  the  separation  of  the  parts  in  senile  gangrene — 
that  is  to  say,  this  evidence  of  vital  energy  is  manifested  in  the  part 
next  above  that  which  was  unable  to  keep  alive  at  all :  and,  after 
fracture  of  the  spine,  we  sometimes  see  quick  sloughing  and  quick 
healing  in  closely  adjacent  parts.  An  exception  must  be  made  of 
certain  impaired  conditions  of  the  nervous  system  in  which  wounds 
and  sores  are  sometimes  very  troublesome. 

The  remarks  1  have  made  with  regard  to  the  repair  in  wounds  and 
ulcers  in  old  persons  hold  good  also  with  regard  to  fractures.  This  is 
sufficiently  proved  by  the  cases  given  in  reply  to  my  inquiry ;  and  in 
one  of  these,  it  was  remarked  that  the  limb  in  which  the  fractured 
tibia  and  fibula  united  in  three  weeks  was  partially  paralysed  and 
nearly  useless,  the  knee  being  contracted ;  and  in  another  case,  the 
broken  tibia  in  a  most  enfeebled  helpless  woman  of  68  was  pretty 
firmly  united  in  three  weeks. 

Professor  Gross,  in  his  System  of  Surgery,  observes  that  age  is  no 
barrier  to  union,  and  mentions  the  case  of  a  lady,  aged  100,  in  whom 
union  of  a  fractured  humerus  took  place  in  the  usual  time ;  and  that 
of  a  women,  aged  93,  in  whom  a. fracture  of  the  upper  third  of  the 
thigh  was  united  in  three  weeks. 

The  contrary  view,  however,  is  prevalent.  In  Holmes's  System  of 
Surgery  it  is  stated,  that  "  in  old  age,  the  period  is  greatly  protracted 
in  proportion  to  the  want  of  vigour  of  the  individual."  Chelius  re- 
marks that  in  advanced  age  the  bone  heals  with  difficulty.  In  the 
IntemcUional  Enq/clopcedia  of  Surgery  a  doubtful  opinion  is  given ; 
and  the  prevailing  impression  respecting  the  time  required  is  probably 
to  be  attributed  not  so  much  to  observation  of  the  fact  as  to  an  a  priori 
feeling  that  it  is  likely  to  be  so ;  for  we  know  how  often  that  which 
is  probable  is  assumed  to  be  that  which  is  real. 

Moreover,  the  circumstance  that  fractures  of  the  neck  of  the  thigh- 
bone, which  may  be  regarded  as  the  old  person's  fracture,  commonly 
does  not  unite  at  all  by  bone,  the  broken  ends  in  many  cases  remain- 
ing quite  separate,  seems  to  give  support  to  the  view.  It  is  well 
known,  however,  that  this  failure  depends,  not  upon  the  age  of  the 
patient,  or  on  any  peculiarity  in  the  structure  of  the  bone,  or  upon 
any  changes  that  take  place  in  it  during  the  later  periods  of  life,  though 
those  changes  are  such  as  to  cause  rarefaction  of  its  cancelli  and  greater 
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liability  to  fracture,  bat  upon  other  causes.  Such  causes,  more  parti- 
cularly, are  the  separation  of  the  broken  surfaces,  whidi  commonly 
occurs ;  the  buried  position  of  the  inner  fragment  in  the  cavity  of  the 
acetabulum,  which  prevents  any  overlapping  of  the  fragments  and  any 
throwing  out  of  uniting  matter  around  it ;  as  well  as  the  comparative 
absence,  and,  when  the  fibrous  covering  of  the  neck  is  torn  through 
all  round,  the  complete  absence  of  tissue  in  which  that  material  can 
be  produced ;  and  also  the  hathing  of  the  iractured  surfaces  by  the 
synovial  fluid.  That  these  conditions,  which  are  found  to  be  more  or 
leas  prejudicial  to  bony  union  of  fractures  into  other  joints,  and  not 
senility,  are  the  real  causes  of  failure  in  the  case  of  the  neck  of  the 
thigh-bone,  is  proved  by  the  fact  that  union  by  bono  will  take  place  at 
this  ]>art  of  the  skeleton  as  well  as  elsewhere,  if  the  fractured  surfaces  be 
fixed  in  apposition,  either  by  any  kind  of  impaction  or  by  well-adjusted 
appliances;  and  that  this  will  occur  in  the  aged  has  been  often 
proved,  and  as  is  well  shown  by  a  specimen  of  firm  bony  union  in 
a  gentlemen,  aged  81,  who  broke  the  neck  of  his  thigh-bone  a  year 
before  death.  The  treatment  was  very  carefully  conducted  by  Mr 
Wherry,  who  was  near  by  at  the  time  cf  the  accident, 'and  who,  recog- 
nising the  nature  of  the  case,  took  every  precaution  to  prevent  further 
displacement  of  the  fractured  surfaces;  in  seven  weeks  union  had 
taken  place  so  firmly  that  the  patient  could  raise  the  limb  from  the 
bed  by  the  action  of  the  muscles  of  the  hip.  The  breakage  was  close 
to  the  head  of  the  bone,  as  is  shown  by  a  line  of  fibrous  tissue  joining 
the  fractured  surfaces  in  the  hinder  part ;  whereas,  in  front,  the  union 
bj  bone  is  so  complete  that  it  is  difiicult  at  first  sight  to  determine  the 
line  of  fracture. 

Kotes  of  several  cases  have  been  sent  me,  in  which  union  of  broken 
neck  of  the  thigh-bone  in  old  persons  was  believed  to  have  taken 
place,  and  in  a  short  space  of  time ;  but,  as  the  condition  of  the  parts 
has  not  been  verified  by  examination,  and  as  in  such  cases  it  is  almost 
impossible,  without  ocular  inspection  of  the  part,  to  determine  whether 
bony  union  has  actually  taken  place,  I  have  thought  it  better  to  omit 
them  from  the  seriea 

In  the  case  of  fractures,  as  in  the  case  of  wounds,  a  certain  amount 
of  nutritive  vigour  is  necessary  to  bear,  and  turn  to  good  efiect,  the 
vascular  and  other  changes  in  the  tissues  associated  with  the  work  of 
repair ;  and,  unless  that  exist,  destruction  by  liquefaction  or  absorp- 
tion of  tissues  may  take  place,  instead  of  the  condition  requisite  for 
healing.  In  the  bones,  indeed,  a  certain  amount  of  absorption  is  the 
regular  attendant  upon  repair.  By  it  the  surfaces  in  the  proximity 
of  a  fracture  are  roughened,  and  rendered  porous  to  admit  the  new 
uniting  material — ^the  soft  callus-medium — to  grow  into  and  form  one 
with  them,  just  as  the  surfaces  of  a  brick  are  rough,  that  the  mortar 
may  run  into  and  set  in,  and  adhere  to  them,  and  foion  a  bond. 
Sometimes  we  find  that,  in  old  and  very  feeble  people,  the  one  requi- 
site for  reunion  after  fracture — the  work  of  absorption  or  destruction 
of  the  broken  ends — takes  place  in  excess ;  whereas  the  other  requisite 
— the  work  of  forming  the  new  uniting  material — is  deficient.  Ac- 
cordingly, the  ends  of  the  bones  become  porous  and  worm-eaten,  and 
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little  or  no  callus  is  prodnoed.  That  has  been  the  case  in  this  oblique 
fractoie  of  the  hnmerns,  which  oocamd  in  a  feeble  man  of  86,  wIuIb 
he  was  pnlling  himself  apetaixB  by  the  handraiL  He  was  afterwards 
extremely  restless,  so  that  no  letentiTe  means  conld  be  effectually 
applied;  one  of  the  broken  ends  made  its  way  through  the  skin,  and  he 
died  in  three  weeks.  The  bone  is  light,  and  is  worm-eaten  near  the 
fracture,  and  there  is  only  a  httle  crumbHng  osseous  deposit  upon  it 
The  same  condition  is  seen  in  each  of  these  two  thigh-bones,  one  of 
which  was  taken  from  an  aged  subject  in  the  dissecting-room,  and  the 
other  bears  all  the  mark  of  semlity.  I  do  not  know  the  history  in 
either  caee,  but  in  both  there  are  absence  of  new  material  and  evidence 
of  too  free  removal  of  the  old. 

In  the  contrasting  features,  therefore,  of  liability  to  utter  failure 
of  repair  and  demolition  of  the  injured  part  on  the  one  hand,  and 
in  that  of  quick  repair  on  the  other,  the  bones  resemble  the  soft 
parte ;  and  I  trust  that  the  question  for  the  solution  of  which  I 
have  asked  assistance  has  now  been  sufficiently  answered.  We 
have  thus  established  the  fact  that  the  repair  of  wounds  and  of  frac- 
tures takes  place  in  the  old  persons  as  quickly  as  in  the  middle-aged ; 
and  we  ought  to  hear  no  more  of  the  disqua^ '^cation  for  reunion  which 
has  been  attributed  to  old  age.  That  this  is  no  unimportant  matter 
from  a  practical  point  of  view,  is  sufficiently  shown  by  a  case  men- 
tioned by  Mr  Hodson,  of  Bishop  Stortford,  in  which  a  fracture 
of  the  thigh-bone  in  an  old  woman  was  allowed  to  go  untreated, 
because  the  medical  men  thought  that  at  that  time  of  life  union  of  a 
broken  booe  was  not  to  be  expected. 

In  conclusion,  I  have  to  thank  the  gentlemen  who  have  been  good 
enough  to  forward  the  cases  from  which  these  notes  ^  have  been 
taken ;  and  I  may  remark  that  it  is  only  by  the  collection  of  cases  in 
this  way  these  and  many  other  questions  can  be  answered.  The  investi- 
gation by  this  method,  for  which  the  British  Medical  Association  affords 
such  unprecedented  opportunities,  has  the  double  advantage  of  bring- 
ing a  heavy  battery  of  information  to  bear  upon  any  one  point  where 
information  is  required,  and  further,  of  greatly  benefiting  those  who 
communicate  the  information.  There  is  no  reading  at  all  to  compare 
with  that  of  reading  ourselves,  our  own  experiences,  and  our  own 
thoughts  upon  them.  These  were  the  feelings  which  influenced  me 
when  I  ventured  at  the  Cambridge  meeting,  four  years  ago,  to  suggest 
that  some  measure  of  the  energies  of  the  Association  should  be  turned 
in  this  direction.  I  have  never  taken  any  part  in  the  political 
movements  which  occupy  the  attention  of  some  of  the  more  active 
members,  being  of  opinion  that  greater  service  might  be  rendered  to  the 
Association,  to  its  individual  members,  and  to  the  science  and  prac- 
tice of  medicine,  by  organising  a  plan  for  the  collection  and  utilisation 
of  the  vast  streams  of  experience  which  are  daily  allowed  to  flow  away 
into  the  great  abyss  of  wasta 

^  See  British  Medical  Journal,  Jaly  12,  1884,  where  these  notes  of  cases,  com- 
municated by  various  medical  men,  will  be  foand  appended  to  the  paper  from 
which  these  remarks  have,  in  the  main,  been  taken. 


AfiNOBMAL  DEVELOPMENT  OF  CORONARY  ARTERIES.         119 


A  CASE  OF  ABNORMAL  DEVELOPMENT  OF  THE  CORO- 
NAEY  ARTERIES  OF  THE  HEART.  By  F.  Charlbwood 
Turner,  M.D.,  Physician  tOf  and  Demonstrator  of  Morbid 
Anatomy  at,  the  London  Hospital. 

This  abnormality  consisted  in  the  presence  of  a  large  branch  of  the 
right  coronary  artery,  which  passed  backwards  between  the  root  of 
the  aorta  and  the  right  and  left  auricles,  and  took  the  place  of  the 
posterior  branch  of  the  left  coronary  artery  which  had  not  been 
developed. 

The  right  coronary  artery  arose  in  the  normal  position,  from  the 
anterior  sinus  of  Valsalva.  The  trunk  of  the  vessel,  which  was  of 
laige  size,  but  not  much  more  than  \  inch  long,  ran  forwards  and 
terminated  beneath  the  wall  of  the  right  auricle,  immediately  above 
the  margin  uf  the  right  auriculo-ventricular  orifice.  It  there  divided 
into  two  primary  branches  of  equal  size,  which  ran  in  opposite  directions 
along  the  maigin  of  that  aperture.  That  passing  forward  to  the  left 
of  the  auriculo-ventricular  orifice  had  the  normal  distribution  of  the 
right  coronary  artery.  The  other  branch  ran  backwards  and  to  the 
right  round  the  root  of  the  aorta,  passing  between  it  and  the  inter- 
auricular  septum,  to  the  margin  of  the  left  auriculo-ventricular  orifica 
Skirting  the  left  extremity  of  the  mitral  slit  in  the  auriculo-ventricular 
groove,  it  took  the  place  of  the  posterior  branch  of  the  left  coronary 
artery,  whose  area  of  distribution  it  supplied.  From  the  trunk  of 
the  right  coronary  artery,  quite  at  its  commencement,  a  small  branch 
was  given  off,  which  ran  forward  and  to  the  left  over  the  infundibular 
portion  of  the  ventricle. 

The  specimen  was  obtained  from  the  body  of  a  man  apparently 
between  fifty  and  sixty  years  old,  of  whom  nothing  was  known,  who 
died  in  the  street,  and  whose  body  was  brought  by  the  police  to  the 
London  Hospital.  There  was  much  atheroma  with  dilatation  of  the 
aorta,  and  the  orifice  of  the  left  coronary  artery  was  contracted. 
There  was  also  fatty  atrophy  of  the  myocardium. 

This  abnormality  in  the  development  of  the  coronary  arteries  of  the 
heart  resulted  from  an  enlargement  of  the  small  circumflex  branch  of 
the  right  coronary  artery.  In  a  case  of  abnormal  distribution  of  the 
coronary  arteries  observed  by  Bochdalek,  and  described  in  Virchoufs 
Archiv,  vol.  xlL,  in  which  the  left  coronary  artery  was  absent,  its 
place  was  in  part  supplied  by  a  branch  of  the  right  coronary  similar 
to  the  aboye. 
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ABNORMAL  URETERS.    By  W.  Stbphbnson  Richmond, 

;8^  Barthohmeu^B  Hospital. 

In  the  dissection  of  a  male  subject,  four  ureters  were  discovered 
emerging  from  the  hilum  of  each  kidney.  After  proceeding  about 
four  inches  towards  the  bladder  they  became  united,  forming  a  pelviB, 
from  which  sprang  the  ureter  proper. 

On  making  a  section  of  one  of  the  kidneys,  the  hilum  was  found  to 
be  occupied  by  a  quantity  of  fat  and  connective  tissue,  imbedded  in 
which  the  ureters  could  be  traced  to  the  infundibula^  communicating 
with  the  calicos  and  pyramids.  Thus  there  was  no  pelvis  within  the 
hilum,  but  the  calicos  united  to  form  infundibula,  of  which  these 
ureters  seemed  to  be  the  continuation,  and  they  became  united  in  a 
pelvis  some  distance  removed  from  the  kidney. 
The  interest  of  the  case  is  not  entirely  anatomical 
The  man  had  evidently  suffered  from  some  bladder  mischief,  for  tbe 
walls  of  this  vessel  were  very  much  thickened  and  the  kidneys  them- 
selves were  enlarged.  The  question  which  raises  itself  is  whether, 
presuming  some  difficulty  existed  in  emptying  the  bladder,  such  a 
condition  of  things  could  be  brought  about  by  mere  mechanical  means, 
viz.,  by  the  pressure  of  the  secretion  from  the  kidney  forcing  down 
and  elongating  the  infundibula  to  such  an  extent  as  that  which  I  have 
described.  I  mention  this  as  a  possible  cause,  but  I  think  it  wa«  reilly 
a  matter  of  development  For  in  the  same  body  there  were  otLer  signs 
of  abnormal  urino-genital  development  Attached  to  the  hydatids  of 
Morgagni  were  fibrous  nodules  which  I  have  before  described  in  this 
Journal  (vol.  xvil),  and  which  I  shortly  tried  to  prove  were  the 
remains  of  that  portion  of  the  Wolffian  body  which  generally  becomes 
obliterated.  This  being  the  case  it  b  almost  certain  that  they  are  both 
abnormalities  of  development  But  had  the  former  existed  without 
the  latter,  one  would  have  been  more  easily  satisfied  with  a  pathological 
explanation.  Both  the  above  specimens  are  preserved  in  the  Museum 
of  St  Bartholomew's  Hospital 
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DISEASES  OF  THE  EEPRODUCTIVE  ORGANS  IN 
FROGS,  BIRDS,  AND  MAMMALS.  By  J.  Bland 
Sutton,  F.RC.S.,  Lecturer  on  Comparative  Anatomy,  and 
Senior  Demonstrator  of  Anatomy,  Middlesex  Hospital 
Medical  School.    (Plate  VIII.) 

In  1792  John  Hunter  wrote  the  following  sentence : — "  A  spirit 
of  inquiry  concerning  facts  in  natural  history  is  diffused  through 
all  ranks  of  men,  and  those  who  cannot  pursue  it  themselves, 
choosing  to  benefit  by  the  industry  of  others,  are  eager  to  be 
informed  of  what  is  already  known." 

So  little  accurate  knowledge  is  on  record  concerning  the 
affections  of  the  reproductive  organs  in  animals,  that  the  facts 
to  be  related  in  the  following  pages  may  not  be  unwelcome  to 
those  interested  in  the  subject.  Morbid  conditions  of  the  uterus 
will  first  occupy  attention. 

Flexions  of  the  Utenis. 

The  first  case  encountered  is  recorded  in  the  Tran>s.  Path.  Soc,, 
vol.  xzxiv.  p.  326, 1883.  It  was  an  example  of  retroflexion  of 
the  uterus  which  occurred  in  a  West  African  baboon.  The 
fundus  was  acutely  retroflexed,  and  the  posterior  wall  of  the 
uterus  had  suffered  atrophy.  The  animal  had  lived  for  some 
time  in  the  Zoological  Gardens.  Since  that  case  was  published 
several  examples  of  a  similar  character  have  come  to  hand. 

The  next  case   to  be  described  was  found  in  a  Macaque 

monkey.    The  rectum  in  monkeys,  as  in  the  human  foetus  at 

•  birth,  normally  descends  at  the  back  of  the  pelvis  lying  exactly 

in  the  middle  line.    In  this  instance,  however,  it  entered  into 
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the  pel  vis  on  the  right  side;  immediately  above  the  anus  it 
became  distended,  so  as  to  force  the  uterus  upwards  and  forwards. 
In  this  way  the  uterus  became  to  a  certain  extent  deprived  of 
support  from  the  pelvic  organs,  which  resulted  in  its  bending 
backwards  in  a  condition  of  flexion,  at  the  same  time  being 
considerably  pushed  to  the  left  side. 

The  third  example  was  found  in  a  Bonnet  monkey,  Macacos 
sinicus,  extremely  distorted  with  rickets.  The  bones  in  all 
parts  of  the  body  were  so  soft,  and  yielded  to  pressure  to  such 
an  extreme  degree,  that  the  opposite  sides  of  the  pelvis  were 
almost  in  contact.  This  narrowing  of  the  transverse  diameter 
of  the  pelvis  had  caused  the  bladder  and  the  *  uterus  to  be 
squeezed  out  of  the  pelvis  to  such  an  extent,  that  the  upper  part 
of  the  vagina  and  the  neck  of  the  uterus  were  found  lying  above 
the  brim  of  the  true  pelvis.  In  this  elevated  position,  deprived 
of  support  from  the  bladder  and  rectum,  and  at  the  mercy  of 
tlie  intestines,  it  is  not  surprising  that  the  fundus  of  the  uterus 
should  have  been  doubled  over  in  the  condition  of  acute  ante- 
flexion (Plate  VIII.  fig.  1). 

In  August  last,  a  monkey,  Cercocebics  collaris,  died,  after  a 
residence  in  the  Gardens  of  four  years.  Every  bone  in  the 
skeleton  was  softened  with  rickets,  the  pelvis  being  extremely 
affected.  The  uterus  had  been  considerably  elevated  into  the 
abdomen,  as  a  result  of  the  contraction  of  the  transverse  diameter 
of  the  pelvis,  and  had  become  flexed  so  acutely  to  the  right 
side,  that  the  fundus  was  found  resting  on  the  right  psoas 
muscle.  The  uterus  at  the  point  of  flexion  was  considerably 
narrowed,  and  the  walls  had  atrophied  (Plate  VIII.  fig.  3). 

The  ovaries  were  large  and  hard  to  the  touch,  and  looked 
more  like  testicles  than  ovaries.  On  microscopic  examination, 
they  were  found  tu  be  ovaries,  with  an  amount  of  dense  fibrous 
tissue  in  their  structure;  this  accounts  for  their  extreme  hard- 
ness. The  clitoris  was  of  enormous  size,  surpassing  in  this 
respect  the  penis  of  a  male.  It  is  well  known  that  in  certain 
of  the  Cebidae,  particularly  in  Aides,  the  clitoris  does  attain 
naturally  enormous  proportions,  but  in  this  particular  case  the 
clitoris  far  exceeded  the  average  size  it  attains  even  in  the 
spider  monkey. 

These  two  last  cases  of  malposition  of  the  uterus,  as  already 
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mentioned,  were  undoubtedly  the  result  of  rickety  contraction 
of  the  pelvis.  The  following  case  will  serve  to  illustrate  the 
fact  beyond  question.  A  hybrid  Macaque  monkey,  a  male,  was 
born  in  the  Zoological  Gardens.  It  was  four  months  old,  and 
died  from  pulmonary  collapse,  with  rickety  changes  in  every  bone. 
The  pelvis  was  remarkably  distorted  on  account  of  the  extreme 
softness  of  the  bones.  The  pelvic  diameters  were  all  shortened, 
and  the  cavity  so  encroached  upon  by  the  yielding  walls,  that 
the  bladder,  prostate,  and  vesicuUe  seminales  were  squeezed 
into  the  abdomen ;  the  apex  of  the  prostate  actually  rested  on 
the  symphysis  pubis.  So  narrow  was  the  antero-posterior 
diameter  at  the  brim,  that  the  rectum  and  neck  of  the  bladder 
were  squeezed  between  the  symphysis  and  the  vertebral  column. 
Figures  1,  2,  and  3  on  Plate  YIIL  represent  three  typical  dis- 
placements of  the  uterus,  viz.,  ante,  retro,  and  lateral  flexion. 

In  each  of  these  cases  the  pelvis  with  its  contained  viscera 
has  been  represented,  in  order  to  avoid  mistakes  or  exaggeration. 
Leaving    monkeys,  some    cases  of  flexions  of    the  uterus 
occurring  in  other  animals  will  now  be  described. 

Two  years  ago  the  rare  and  pretty  little  animal  Hyomosehiu 
gave  Inrth  to  ayoimg  one  in  the  Zoological  Gardens ;  some  three 
months  later  it  died.  On  examination,  the  uterus  was  found 
large  and  the  fundus  acutely  anteflexed.  Of  course  the  question 
arose.  May  it  not  be  the  natural  position  of  the  uterus  ?  Fortu- 
nately I  had  examined  two  specimens  previously,  and  can  state 
that  their  uteri  were  not  in  the  position  of  this  example. 

Since  obtaining  this  specimen,  a  large  number  of  deer, 
gazelles,  antelopes,  &c.,  have  been  examined,  and  it  is  not  un* 
common  to  find  a  small  degree  of  curvature  existing  at  the 
fundus  uteri,  but  it  is  in  so  slight  a  degree  that  the  tonicity 
of  the  walls  of  the  organ  never  allow  the  fundus  to  come  in  con- 
tact with  the  anterior  wall  of  the  uterus  in  health.  An  example 
has  since  occurred  in  a  Mollucca  deer,  Cervus  mollucceTisis, 
The  animal  died  from  the  effects  of  some  acute  febrile  disease. 

The  fundus  of  the  uterus  was  so  acutely  anteflexed  that  it 
was  in  contact  with  the  anterior  wall  of  the  organ,  and  had,  by 
its  pressure,  caused  atrophy.  This  malposition  had  evidently 
existed  some  long  time,  for  dense  fibrous  bands  stretched  across 
the  line  of  flexion  and  prevented  the  fundus  returning  to  its  nor- 
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mal  position  (fig.  4).    These  cases  must  prove  beyond  question 

that  flexions  of  the  tUertts  occur  in  animals  as  well  as  in  the  human 

femalCy  but  so  far  as  can  be  ascertained  the  animals  were  in  no 

way  inconvenienced  by  the  abnormal  condition  of  the  parts. 

A  very  curious  case  of  atrophy  of  the  uterus  occurred  in  a 

lioness.    The  uterus,  Fallopian  tubes,  ovaries,  and  vagina  were 

represented,  but  were  of  smaller  size  than  the  corresponding  parts 

in  a  common  cat.    The  animal  was  well  nourished,  and  nothing 

reasonable  can  be  advanced  to  explain  the  very  small  dimensions 

of  the  uterus  and  its  appendages.    It  had  never  borne  young 

ones. 

Pyo-salpinx. 

In  June  1884,  a  kangaroo  died  in  the  Zoological  Gardens  from 
peritonitis.  The  abdomen  was  considerably  distended,  and  the 
viscera  matted  together  by  adhesions  of  some  old  date.  On  ex- 
amining the  pelvic  viscera,  two  swellings  were  found  occupying 
the  Fallopian  tubes. 

As  the  uterus  and  its  appendages  are  somewhat  complicated 
in  the  Marsupials,  it  will  be  advisable  to  give  a  short  descrip- 
tion of  the  parts  as  seen  in  the  normal  condition.  In  Plate 
VIII.  fig.  5,  is  represented  the  vagina,  which  has  passing  off 
at  its  upper  extremity  two  tubes,  the  lateral  canals  which 
open  eventually  into  the  uterine  cavity  (median  canal),  which 
below  forms  the  median  chamber  ending  usually  in  a  cul-de- 
sac.  From  the  upper  end  of  this  median  chamber  the  orifices 
of  the  Fallopian  tubes  may  be  seen  when  the  median  canal 
is  slit  up.  The  ostia  of  the  tubes  present  the  usual  fringed 
appearance,  lying  in  close  proximity  to  which  may  be  seen  the 
diminutive  ovaries.  The  exact  functions  of  the  various  parts 
of  this  complicated  organ  are  not  thoroughly  understood  by 
anatomists.  The  points  about  which  information  is  required 
are  these: — Do  the  young  pass  down  the  median  canal,  and 
establish  an  opening  between  the  uterus  and  vagina,  or  do  they 
come  by  way  of  the  lateral  canals  ?  Or,  are  the  lateral  canals 
for  the  passage  of  semen  only  ? 

Messrs  Lister  and  Fletcher  published  an  admirable  r&um4  of 
the  question  in  the  Proc.  Zool,  Sac,,  1881,  entitled  "  The  Vaginal 
Apparatus  of  the  Macropodidss."  The  following  is  a  summary 
of  their  research :— 
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1.  In  the  very  early  conditioD  of  the  Macropididae  the  median 

canal  is  closed. 

2.  In  some  genera,  viz.,  Macropus,  Halmaturus,  Petrogale 

(Dorcopsis  and  Dendrolagos),  an  opening  is  formed  in  the 
median  canal,  to  give  passage  to  the  young.  This  may 
take  place  in  early  life  (Halmaturas),  or  not  until  the 
young  are  about  to  be  produced  (Macropus). 

3.  In  the  species  MojcropuA  major^  however,  this  opening  may 

or  may  not  exist,  and  the  young  are  transmitted  either 
through  the  median  or  lateral  canals. 

4.  In  Hypsiprymnus,  the  median  canal  remains  closed,  and 

the  young  pass  down  the  lateral  canals,  which  differ  in 
their  structure  from  those  species  just  quoted. 

The  normal  anatomy  and  probable  function  of  the  various  parts 
have  been  detailed,  because  they  have  an  important  bearing  on 
the  case  before  us.  In  all  examples  of  marsupial  uteri  coming 
under  my  notice,  a  large  quantity  of  mucus  was  present  in  all 
these  passages.  It  seems  to  me  that  the  very  trifling  amount  of 
inflammation  necessary  to  arrest  the  flow  of  secretion  through  the 
lateral  canals,  in  cases  where  the  median  canal  is  imperforate, 
readily  accounts  for  the  distension  of  the  Fallopian  tubes.  On 
opening  these  tubes  in  the  present  case,  they  were  found  filled 
with  pus  and  caseous  material.  My  opinion  is,  that  this  puru- 
lent matter  gradually  leaked  into  the  peritoneal  cavity  through 
the  abdominal  openings  of  the  Fallopian  tubes,  and  had  given 
rise  to  recurring  attacks  of  peritonitis,  which  eventually  proved 

fatal 

Diseases  of  the  Ovaries  and  Ovidiids. 

Since  Caspar  F.  Wolff,  and  the  two  princes  among  observers 
in  biological  science,  Sathke  and  Johannes  Miiller,  worked  out 
the  main  points  in  the  history  of  the  remarkable  series  of 
changes  which  occur  during  the  development  of  the  mammalian 
reproductive  organs,  a  sort  of  fascination  seems  to  have  sur- 
rounded this  subject,  to  judge  from  the  large  number  of  talented 
observers  in  embryology  who  have  been  attracted  to  this 
question.  Before  entering  into  details  concerning  the  pathology 
of  these  organs,  it  wQl  be  well  to  trace  briefly  the  chief  points 
in  the  formation  of  the  various  structures,  for  unless  a  clear 
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conception  be  formed  of  the  development  of  the  parto,  some 
misuDderstanding  may  arise.  Later  researcbee,  particularly 
those  of  Semper  and  Balfour  od  the  Development  of  Elasmo- 
branch  Fishes,  enable  as  to  recognise  three  typical  parts  to  these 
organs,  each  of  which  agree  fundamentally,  in  that  they  cousist 
of  two  parte,  a  glandular  mass  with  its  correlated  duct.     Tbese 


Diagram  to  ahow  the  reUUon  of  Hie  G«uiUl  Dncli  in  the  Embryo 

{vide  teit),  after  Balfour. 

ducts,  in  the  early  embryo,  open  posteriorly  into  the  cloaca. 
The  three  B^ments  may  be  thus  classified : — 

1.  A  glandular  mass  known  as  the  Pronephros  or  Head 

Kidney.    Ite  associated  duct  is  known  as  the  Miillerian 
Duct. 

2.  The  Mesonephros  or  WolflBau  body,  in  relation  with  the 

cloaca  by  means  of  the  segmental  or  Wolffian  Duct 
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The  gland  is  brought;  into  connection  with  its  duct  by 
means  of  the  segmental  tubes  (vide  fig.  1). 

3.  The  Metanepbros  or  Kidney  having  for  its  excretory  duct 
the  ureter.    This  will  not  further  concern  us. 

A  glance  at  fig.  1  (text)  will  help  to  make  the  description  more 
intelligible.  M*,  M»,  M',  indicate  MtLller's  Duct.  W\  W»,  W». 
the  Wolffian  or  Segmental  Duct,  with  its  transverse  tubules  and 
the  Mesonephros ;  u,  refers  to  the  ureter  with  the  Metanepbros. 

Of  these  ducts  we  are  concerned  with  two  only,  the  Wolffian 
and  the  Mlillerian. 

These  ducts  undergo  a  series  of  remarkable  changes,  which 
with  the  help  of  a  figure  may  be  thus  described : — 

F.x.  r.T. 


Diagram  to  show  the  metamorphosis  of  the  MuUerian  and  Wol£5an 

Ducts  in  the  Female  {vide  text). 

1.  Tfie  MiiUerian  Dud, — In  the  female  this  duct  develops  into 
an  oviducal  passage  in  fish,  amphibians,  reptiles,  and  birds,  but 
into  an  uterus  in  mammals.  The  formation  of  the  uterus  and 
its  essential  parts  takes  place  after  this  manner. 

The  Mlillerian  duct  may  be  conceived  as  being  made  up  of 
three  parts : — 

The  upper  third  becomes  the  Fallopian  tube,  the  funnel- 
shaped  opening  communicating  with  the  peritoneal  cavity,  and 
supports  a  tiny  cyst,  commonly  known  as  the  "Hydatid  of 
Morgagni,"  but  for  pathological,  if  nob  for  anatomical,  purposes 
would  be  much  better  termed  the  "  Mlillerian  cyst." 

The  middle  portion  of  each  duct  fuse  together,  and  form  the 
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fundus,  body,  and  neck  of  the  uterus,  whilst  the  lower  third  of 
the  Miillerian  ducts  join  together  and  form  a  vagina.  Such  is 
the  commonest  arrangement. 

In  the  accompanying  woodcut  (fig.  2,  text),  the  letters  M\  M^ 
and  M'  refer  to  the  three  portions  of  the  duct  after  the 
metamorphosis. 

2.  Tfie  Segmental  (Wolffian)  Bud. — This  duct  and  its  asso- 
ciated tubules  has  no  function  in  the  female,  but  its  atrophied 
remains  are  often  to  be  detected.  Like  the  preceding  duct,  it 
may  for  the  purpose  of  convenient  description  be  divided  into 
thirds. 

The  upper  division,  with  the  segmental  tubes,  may  be  detected 
lying  above  the  ovaries  in  the  folds  of  the  broad  ligament,  and 
is  commonly  '^referred  to  as  the  "  Organ  of  Rosenmiiller,"  or 
better  the  "  Parovarium." 

The  middle  portion  usually  atrophies,  whilst  the  third  portion 
often  forms  a  narrow  tube  lying  in  the  broad  ligament,  and 
running  towards  the  upper  part  of  the  vagina  is  recognised  as 
the  duct  of  Gartner  {vide  fig.  2,  W\  W»,  W). 

The  Parovarium  (Organ  of  Bosenmiiller). 

Apart  from  its  anatomical  interest,  great  importance  attaches 
itself  to  this  structure,  on  account  of  the  relation  it  bears  to 
cystic  formations  occurring  in  the  neighbourhood  of  the  broad 
ligament. 

The  parovarium  may  be  easily  seen  by  holding  the  meso- 
salpinx between  the  eye  and  the  light,  then  a  series  of  tubules 
will  come  into  view,  radiating  from  the  ovary  to  join  a  longitu- 
dinal tube  situated  at  right  angles  to  them.  Although  these 
tubules  converge  at  their  ovarian  end,  nevertheless  they  remain 
distinct ;  they  are  lined  with  epithelium,  and  each  tubule  ends 
blindly.  In  form  and  disposition  they  recall  exactly  the 
arrangement  of  the  vasa  efferentia  and  commencement  of  the 
epididymis  in  the  male — indeed  it  is  these  ducts  which  in  man 
constitute  that  portion  of  the  excretory  apparatus  of  the 
testicle. 

It  has  been  clearly  proved  by  many  observers,  that  in  the 
human  female  the  ducts  in  question  are  very  liable  to  become 
distended  with  fluid,  so  as  to  form  pedunculated  cysts,  usually 
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of  small  size,  but  now  and  then  they  assume  disagreeable  pro- 
portions. The  cysts  may  arise  either  by  distension  of  the 
vertical  tubes  or  by  dilatation  of  the  longitudinal  one. 

Examples  of  cysts  arising  after  this  manner  will  be  fully 
considered  lafcer  on. 

Odrtner's  Ihict. 

This  duct,  which  was  first  detected  in  cows  and  swine  by 
Gartner  in  the  year  1822  is  occasionally  present  in  the  human 
female,  and  may  be  detected  as  a  tube  in  the  broad  ligament  of 
the  uterus,  but  lower  in  its  course,  becomes  incorporated  with 
the  walls  of  the  vagina,  occasionally  opening  on  the  mucous 
surface  of  that  tube.^  This  functionless  duct  may  become  the 
seat  of  cystic  formations. 

The  clearest  and  best  described  example  of  a  cyst  originating 
in  this  duct,  that  I  am  aware  of,  will  be  found  in  Yirchow's 
Arckivfwr  Pathdogische  Anatomic  (Band  xcvi.  Heft  1,  s.  100). 
Carl  Rieder  there  contributes  a  paper  of  considerable  interest, 
entitled  "Ueber  die  Gartner'schen  (WolflTschen)  Kanale 
beim  Menschlichen  Weibe,"  wherein  the  literature  and  fre- 
quency of  persistence  of  this  structure  in  various  animals,  inclu- 
ding man,  is  ably  discussed.  Not  the  least  interesting  point  tn 
the  paper  is  the  description  of  a  preparation  from  the  collection 
of  the  Pathological  Institute  at  Basel,  of  a  case  of  multiple  cysts 
in  the  walls  of  the  vagina  of  a  woman,  aged  twenty-eight  years, 
who  died  in  the  fifth  month  of  pregnancy.  £ieder's  object  is  to 
prove,  and  this  he  does  very  conclusively,  that  the  cysts  in  ques- 
tion were  the  result  of  abnormal  dilatation  of  Gartner's  ducts. 

The  Miillerian  Ducts  in  Male  Frogs  and  Toads, 

For  some  time  past  I  have  devoted  considerable  attention  to 
cases  of  ovarian  disease  occurring  in  wild  and  other  animals ; 
very  many  cases  of  considerable  interest  have  come  under 
notice  in  the  course  of  my  work  at  the  Zoological  Gardens,  and 
many  others  have  been  derived  from  various  sources. 

At  the  outset  attention  is  invited  to  certain  abnormal  condi- 
tions of  the  Miillerian  duct  in  male  frogs  and  toads  which  will 

^  The  opening  of  the  ducts  known  as  Skene's  tubes  must  not  be  confounded 
with  Gartner's  ducts.  Tlie  former  are  associated  with  two  glands  lying  in  the 
wall  of  the  vagina  near  where  Qartner's  ducts  usually  terminate. 
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go  to  show  that  it  is  a  condition  exceedingly  common  for  function- 
less  ducts  to  become  cystic  in  animals  other  than  wxin. 

In  the  male  of  the  common  frog,  Bana  temporaria,  the  genera- 
tive organs  have  the  disposition  exhibited  in  Plate  VIII  fig.  Ga. 
They  may  be  thus  described : — On  either  side  is  seen  the  testis, 
surmounted  by  the  corpus  adiposum,  with  u,  the  duct  which 
functions  as  the  vas  deferens  as  well  as  a  ureter :  ua.  are  the 
vesiculse  seminales  with  the  MilUerian  ducts,  which,  in  the 
female  become  enlarged  to  function  as  oviducts,  are  here  seen  as 
delicate  thin  streaks  ascending  in  the  peritoneum,  from  the 
summit  of  the  vesiculse  to  the  root  of  the  lungs. 

Although  the  vesiculse  seminales  in  the  frog  give  one  the 
impression  that  they  are  dilatations  of  the  Miillerian  duct,  never- 
theless, as  a  matter  of  fact,  they  belong  to  the  Wolffian  duct ; 
but  their  mode  of  origin  has  no  bearing  on  the  subject  of  this 
paper,  and  will  not  be  considered  any  farther. 

In  the  toad  Bufo  vulgaris,  the  most  important  features  are 
these — 

Between  the  testis  and  the  fat  body  is  a  singular  structure, 
called  in  honour  of  its  discoverer  "Bidder's  Organ."  This  organ, 
discording  to  the  most  recent  researches,  is  nothing  more  or  less 
than  a  rudimentary  ovary,  and  as  such  seems  to  exercise  a  very 
remarkable  influence  on  the  degree  of  devBlopment  of  Miiller's 
duct  in  the  male  toad. 

In  frogs,  as  we  have  seen,  the  Miillerian  duct  in  the  male  is 
scarcely  perceptible,  but  now  and  then  it  happens  that  a  frog 
sometimes  develops  a  "  Bidder's  organ,"  or  ovary  in  conjunction 
with  the  testis,  forming  what  amounts  to  an  ovo-testis,  and 
singularly  enough  the  Miillerian  duct  or  oviduct  then  assames 
some  considerable  size.  For  the  purpose  of  testing  this  question 
in  toads,  more  than  two  hundred  and  fifty  have  been  examined. 
It  would  appear  that,  as  a  rule,  the  amount  of  development  of 
these  ducts  is  in  direct  proportion  to  the  size  of  " Bidder's  organ'* 
But  the  point  which  concerns  us  most  as  pathologists  is,  that  it 
is  exceedingly  common  to  find  a  cyst  developed  in  these  rudi- 
mentary oviducts  in  the  toads.  A  characteristic  example  of 
the  cystic  condition  is  shown  in  Plate  VIII.  fig.  6,  so  that  these 
batrachians  afford  ready  and  indisputable  examples  of  function^ 
less  ducts  becoming  cystic  in  parts  of  their  course. 
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Cysts  in  Birds. 

In  birds,  as  in  frogs  and  toads,  upon  the  Miillerian  ducts 
devolve  the  duty  of  safely  conveying  the  ova  from  the  peritoneal 
cavity  to  the  exterior.  In  the  early  chick  both  Miillerian  ducts 
and  ovaries  are  equally  developed,  but  in  the  mature  bird  the 
left  duct  and  ovary  alone  persist,  the  right  having  atrophied. 
In  the  majority  of  birds  no  trace  of  the  right  duct  remains, 
except  a  small  tube,  about  an  inch  long,  attached  to  the  right 
side  of  the  cloaca,  often  bearing  on  its  summit  a  small  nodule  of 
fat,  the  degenerated  representative  of  the  remaining  portion  of 
the  duct. 
The  persistent  left  oviduct  may  be  thus  described : — 
In  the  quiescent  state  the  duct  is  nearly  straight,  but  during 
the  breeding  season  it  undergoes  considerable  enlargement  and 
becomes  convoluted.  It  is  maintained  in  position  by  a  fold  of 
the  peritoneum,  and  extends  from  the  cloaca  posteriorly,  and 
terminates  by  opening  anteriorly  into  the  peritoneal  cavity  just 
below  the  ovary,  by  a  funnel-shaped  termination  known  as  the 
iofundibulum.  It  will  be  convenient  to  describe  this  tube  as 
made  up  of  four  parts. 

Ist  The  dilated  infundibulum,  with  its  thin  delicate  walls ; 
this  is  followed  by  the 

2nd  portion,  long  and  tubular,  constituting  the  oviduct  proper; 
this  opens  by  a  narrow  constricted  portion  into  the 

3rd,  or  uterine  part,  which  is  much  larger  than  the  other 
divisions  of  the  tube,  and  possesses  fairly  thick  muscular 
walls. 

4tb.  This  is  somewhat  narrow,  and  leads  from  the  uterine 
portion  into  the  cloaca.  The  oviduct  is  lined  throughout 
with  mucous  membrane  covered  by  ciliated  epithelium. 
In  some  parts  of  the  tube  the  mucous  membrane  is 
thrown  into  spiral  ridges. 

The  various  portions  of  the  oviduct  are  indicated  in  fig.  3  (text). 

When  the  ovum  escapes  from  its  follicle  in  the  ovary,  it  as  a 
rale  falls  into  the  infundibulum  of  the  oviduct,  passing  thence 
into  the  second  and  third  portions  of  the  tube;  during  its  passage 
through  the  second  portion  or  oviduct  proper,  it  acquires  a  layer 
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uf  albumen,  and  the  spiral  motion  given  to  the  %g  by  tbe  ridges 
in  tbe  mucous  membrane  as  it  descends,  form  tbe  chalazse 
(because  tbese  bands  contain  little  white  spots,  hence  ;(<Ua^ci, 
hailstones),  or  twisted  bands  formed  of  denser  albumen  attechBcl 
to  tbe  two  opposite  portions  of  the  yolk ;  later  on  the  cbalazte 
are  also  enveloped  in  albumen.  In  the  third  portion  of  the  tube 
the  shell  is  formed.  The  macons  membrane  of  this,  the  uterine 
portion,  contains  some  follicular  glands  which  secrete  a  thick 
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white  fluid ;  this  coats  tbe  egg,  and  serves  as  a  nidus  for  the 
inorganic  particles  which  ultimately  form  the  shell. 

The  transit  probably  occupies  on  an  average  twenty  to  twenty- 
four  hours,  of  which  more  than  three-fourths  are  spent  in  the 
uterine  portion  of  the  oviduct 

In  tbe  first  place,  some  abnormal  conditions  of  the  rudimen- 
tary right  oviduct  will  demand  attention.    From  what  has  been 
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stated  in  respect  of  frogs  and  toads,  it  will  of  course  not  surprise 
us  to  find  that  the  remains  of  the  Mlillerian  duct  of  the  right 
side  should  occasionallj  be  found  in  a  cystic  condition.  Such 
is  indeed  the  case.  Whilst  engaged  in  making  a  post-mortem 
examination  on  an  old  barn-door  hen  that  had  died  paraplegic, 
in  consequence  of  myelitis,  it  was  observed  that  the  rudimentary 
right  oviduct  was  present,  not  as  a  narrow  tube  about  an  inch  in 
length,  but  as  a  cyst  the  size  of  a  gooseberry,  filled  with  serum- 
coloured  fluid,  whilst  attached  to  the  upper  extremity  by  an 
exceedingly  narrow  pedicle  was  a  second  cyst  of  the  size  of  a 
cherry,  also  containing  fluid  of  similar  character. 

That  such  cysts  may  be  a  source  of  danger  to  a  bird,  who  is 
so  unfortunate  as  to  possess  them,  is  well  illustrated  in  a  case 
now  to  be  related. 

A  black-neck  swan  died  from  the  effects  of  acute  peritonitis, 
the  cause  of  which  for  a  time  was  somewhat  obscure.  When 
examining  the  cloaca,  a  distended  tube  about  an  inch  long,  the 
remnant  of  the  right  oviduct,  was  observed;  attached  to  its  sum- 
mit was  the  narrow  pedicle  of  a  cyst,  the  main  portion  of  which 
could  not  be  found.  It  would  seem  that  in  this  case  the  cyst 
had  become  detached,  or  its  contents  extravasated  into  the 
peritoneal  cavity,  producing  peritonitis  with  a  fatal  result  The 
viscera  of  the  bird  were  in  other  respects  healthy. 

In  Plate  YIII.  fig.  7,  is  represented  the  cloaca  of  a  hen  with 
the  left  oviduct  cut  short.  On  the  right  side  may  be  seen  a 
rudiment  of  the  right  oviduct,  which,  in  its  upper  part,  is  of 
the  usual  size  of  this  remnant  when  present  In  its  lower  part, 
however,  it  affords  an  example  of  a  very  early  stage  of  the  cystic 
condition.    The  bird  was  old,  and  had  ceased  to  lay  eggs. 

During  the  present  year,  whilst  on  a  visit  to  my  friend  Mr 
Edward  Swan  of  Middlesborough,  who,  being  much  interested  in 
questions  of  comparative  pathology,  kindly  placed  some  of  his 
fowls  at  my  disposal  for  purposes  of  dissection.  One  of  these 
birds  afforded  me  the  best  example  of  an  oviducal  cyst  I  have 
yet  encountered. 

The  bird  was  a  Spanish  hen,  and  on  opening  the  abdomen  we 
found  lying  on  the  right  side  of  the  cloaca  a  cyst  measuring  3 
inches  in  length,  and  supporting  on  its  summit,  by  a  narrow 
pedicle,  a  second  but  much  smaller  cyst.    Its  general  appearance 
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and  shape  may  be  inferred  from  fig.  4  (text).  The  walls  of  the 
cysts  were  exceedingly  delicate,  transparent,  and  enclosed  a 
quantity  of  thin  watery  liquid,  in  which  small  particles  of 
coagulated  albumen  floated  This  was  also  an  undoubted  ex- 
ample of  a  dilated  rudimentary  right  oviduct. 

The  Teratological  Series  in  the  Museum  of  College  of  Sur- 
geon's possesses  an  example  of  a  cystic  oviduct  in  a  bird.  It  is 
thus  described  in  the  Catalogue : — 

"  The  sacrum  of  a  young  fowl  with  the  right  oviduct  persis- 
tent. It  forms  a  large  thin-walled  cyst,  which  was  distended 
with  air.  The  left  oviduct  was  normal ;  it  has  been  removed, 
but  its  orifice  is  indicated  by  a  bristle.  The  specimen  was  pre- 
sented by  Mr  W.  B.  Tegetmeier." 

A  careful  examination  of  this  specimen  shows,  that  in  this 
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Cystic  riglit  Oriduct  in  a  Hen,  reduced  to  ^tli  natural  size 

{vide  text). 

case,  as  in  the  preceding  ones,  the  structure  in  question  is  a 
remainder  of  the  right  oviduct,  which  has  become  distended  so 
as  to  form  a  cyst 

The  same  series  contains  also  an  admirable  example  of  the 
oviduct  with  the  ovary  of  a  hen,  which  during  life  laid  eggs 
about  the  size  of  a  pigeon's,  consisting  exclusively  of  albumen, 
covered  by  a  very  perfect  shell.  The  oviduct  was  too  small  to 
transmit  the  yelks,  for  when  the  abdomen  was  opened,  the 
peritoneal  cavity  was  found  to  be  full  of  the  yellow  fluid  contents 
of  the  yelks,  which  had  escaped.  It  would  appear  that  as  each 
yelk  was  matured,  it  fell  into  the  abdomen,  and  waa  ultimately 
absorbed,  whilst  the  oviduct  poured  out  albumen,  and  formed  a 
shell,  as  it  would  if  the  yelk  had  fallen  into  the  oviduct.    The 
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hen  when  killed  was  apparently  healthy.  Specimens  of  the 
eggs  are  preserved  in  the  Museum ;  they  consist  of  normal  albu- 
men enclosed  in  a  small  but  well-formed  shell.  This  specimen 
throws  important  light  on  a  circumstance  which  puzzled  me 
extremely  as  a  boy.  Most  persons  who  have  visited  poultry 
yards  must  have  noticed  that  it  is  extremely  common  for  pullets 
to  lay  small  eggs  without  yelks,  and  as  boys  the  explanation 
was,  '*  that  the  pullet  had  not  yet  acquired  the  art  of  laying 
prop)eTly ! " 

However,  it  now  and  then  happens  that  a  hen  in  "full  lay" 
will  deposit  an  egg  of  small  size  without  a  yolk.  Shrewd  country 
people  explain  this  by  saying,  "  that  the  preceding  egg  contained 
two  yelks," — a  subtile  explanation  truly.  It  is  clear  enough,  at 
least  to  me,  that  in  these  cases  the  ovum  either  fails  to  fall  into 
the  oviduct,  or  if  it  does  reach  that  duct  it  may,  by  some  accident, 
be  tossed  out,  and  falling  into  the  peritoneal  cavity,  become 
absorbed.  With  regard  to  mammals,  it  is  well  known  that  the  im- 
pregnated ovum  does  now  and  then  miss  the  Fallopian  tube,  and 
in  other  instances  reaching  that  duct,  fails  to  pass  into  the  uterus, 
both  conditions  coming  under  the  term  extra-uterine  foetatiou. 
In  all  cases  of  extra-uterine  gestation,  the  mucous  membrane  of 
the  uterus  undeigoes  hypertrophy,  in  the  same  way  that  it 
would,  if  the  impregnated  ovum  had  tumbled  into  its  cavity, 
as  in  the  course  of  events  in  normal  pregnancy.  Bemember- 
ing  that  the  shell,  with  its  membrane  and  albumen,  correspond 
in  a  great  measure  to  the  decidua  of  mammals,  at  any  rate 
the  greater  part  of  the  decidua,  like  the  albumen  and  shell  of 
the  bird's  egg,  are  the  direct  result  of  the  activity  of  the  uterus 
and  uterine  portion  of  the  oviduct  respectively,  we  have  in  thesQ 
two  instances  parallel  circumstances,  viz.,  the  presence  of  a 
shed,  and  probably  impregnated  ovum,  exerting  .an  influence  on 
the  uterus,  though  it  be  at  some  distance  from  the  part ;  hence 
this  is  clear,  it  is  not  merely  actual  contact  of  the  ovum  with 
the  ut-erine  mucous  membrane  that  brings  about  the  formation 
of  the  uterine  decidua,  but  some  "subtile  influence"  we  know 
not  of. 

It  may  not  be  out  of  place,  or  inconsistent  with  the  general 
tenor  of  this  article,  to  give  some  further  examples  of  this 
*  subtile  influence  "  on  the  general  economy  of  birds. 
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Effects  of  Ovarian  Disease  on  Birds. 

John  Hunter  has  placed  on  record  Bome  interesting  facts 
bearing  on  this  question,  in  his  account  **  Of  an  Extraordinary 
Pheasant"  It  appears  that  now  and  then  a  hen  pheasant  is 
seen  with  the  feathers  of  a  cock ;  the  animal  does  not  breed,  and 
its  spurs  do  not  grow.  Dr  Pitcairn  received  a  bird  of  this  kind 
from  Sir  Thomas  Harris,  and  showed  it  to  Sir  Joseph  Banks 
and  Dr  Solander;  Hunter  being  present,  examined  the  bird, 
and  found  that  it  possessed  tioo  ovaries  and  ovid/ucts. 

Among  the  other  cases  instanced  by  Hunter,  the  following  is 
the  most  remarkable : — 

Lady  Tynte  had  a  favourite  pyed  pea-hen  which  had  produced 
chickens  eight  several  times.  Having  moulted  when  about 
eleven  years  old,  the  lady  and  family  were  astonished  by  her 
displaying  the  feathers  peculiar  to  the  other  sex,  and  appeared 
like  a  pyed  peacock.  In  this  process  the  tail,  which  became  like 
that  of  a  cock,  first  made  its  appearance  after  moulting ;  and  in 
the  following  year,  having  moulted  again,  produced  similar 
feathers.  In  the  third  year  she  did  the  same ;  and,  in  addition 
had  spurs  resembling  those  of  a  cock.  She  never  bred  after 
this  change  in  her  plumage,  and  died  in  the  following  winter 
during  the  hard  frost,  in  the  year  1775-6. 

These  facts  are  extremely  interesting,  for  as  Hunter  points 
out,  we  find  simQar  changes  taking  place  in  the  human  species ; 
for  the  increase  of  hair  observable  on  the  face  of  many  women 
in  advanced  life,  is  an  approach  towards  the  beard  which  is  one 
of  the  most  distinguishing  secondary  properties  of  man. 

When  females  pass  the  child-bearing  period  of  life,  that  is 
when  the  ovaries  become  functionless,  they  often  assume  more 
or  less  masculine  characters. 

The  assumption  by  the  female  of  feathers  somewhat  like 
those  of  the  male  bird,  is  a  fact,  so  far  as  I  can  ascertain, 
first  placed  on  record  by  John  Hunter,  and  it  has  caused  other 
naturalists  to  inquire  into  the  question.  Tarrell  communicated 
a  paper  to  the  PhU,  Trans,,  1827,  on  the  subject ;  the  following 
is  the  pith  of  his  researches : — 

He  had  an  opportunity  of  examining  seven  hen  pheasants,  in 
plumage  more  or  less  resembling  the  male,  and  in  all  of  which 
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the  sexual  organs  were  diseased,  but  with  some  variation  as  to 
extent  The  ovary  was  contracted  in  size,  of  a  purple  colour 
and  hard  to  the  touch.  The  oviduct  was  diseased  throughout  its 
whole  length. 

Some  cases  are  also  quoted  at  length  to  show  that  the  change 
io  the  sexual  organs  precedes  the  alteration  in  the  plumage. 
That  this  change  in  the  feathers  is  secondary  to  afifections  of  the 
sexual  organs  the  following  facts  bear  testimony. 

The  poultry  breeder  learns,  from  the  attempts  of  the  young 
bird  to  crow,  that  the  testes  have  enlarged  sufficiently  for  him 
to  perform  castration.  After  the  operation  is  performed,  the 
bird  never  crows  again.  The  combe,  gills,  and  spurs  remain 
abort  and  blunted,  and  the  feathers  put  on  an  appearance  inter- 
mediate to  those  of  the  cock  and  hen. 

The  operation  on  the  female  bird  consists  in  making  a  small 
incision  through  the  skin  on  the  flank  of  the  left  side,  and  so  on 
until  the  oviduct  is  reached,  and  a  piece  cut  away.  After  the 
operation  the  ova  do  not  enlarge,  and  the  hen  makes  an  attempt 
to  imitate  the  crow  of  a  cock,  there  is  an  increase  in  the  size  of 
the  comb,  and  a  spur  or  spurs  shoot  out,  but  remain  short  and 
blunt    The  feathers  also  undergo  a  change  in  colour. 

Another  peculiar  feature  in  these  unsexed  hens  is  the  singular 
shape  of  the  lower  part  of  the  back, — due  to  the  want  of  enlarge- 
ment of  the  bones  observed  in  all  true  females,  by  which  they 
attain  a  breath  of  the  pelvis  sufficient  to  allow  the  eggs  to  pass. 

It  is  well  known  that  the  beautiful  plumage  which  many 
birds  assume  in  the  spring  is  coincident  with  the  dilatation  of 
their  sexual  organs  under  the  influence  of  the  genial  weather. 

Yarrell  entered  carefully  into  the  matter  of  disease  of  the 
sexual  organs  being  a  cause  of  this  singular  change  of  plumage, 
because  Dr  Butter,  in  the  Wemerian  Transactions,  vol.  iii.,  states 
that  all  hen  birds  would  acquire  this  change  of  dress  if  they  lived 
to  be  old  enough ;  this  of  course  is  erroneous,  the  change  coming 
on  in  old  "birds  is  the  result  of  the  cessation  of  ovarian  CLcHvity.  ^ 

^  Prof.  Torner  has  described,  in  Proc  Hoy.  Phys.  Soc*  Edin.,  voL  iii. 
pi  297,  1862-69,  a  bantam  hen,  aged  18,  which  had  assumed  male  plumage  and 
dereloped  a  well-formed  spur  on  the  left  leg.  The  ovarium  was  shrivelled  and 
the  ovB  atrophied.  Knmerons  pea-like  bodies,  containing  a  ^relk-llke  fat,  were 
either  lying  loose  in  Ihe  abdondnal  cavity  or  attached  by  short  pedicles  to  the 
peritoneal  lining.    They  seemed  to  be  aborted  or  degenerated  ova. 

VOL.  XIX,  K 
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Darwin  refers  to  the  fact  in  the  Ik^ceivt  of  Man,  as  though  it 
were  well  recognised.  After  writing  concerning  the  females  of 
certain  species  of  birds  which,  in  the  first  year  or  two  after  they 
are  hatched,  differ  in  colour  from  the  males,  nevertheless  later 
in  life  naturally  acquire  the  coloration  &c.,  of  the  male  {Fako 
pereffrintis,  BombycUla  carolinensis,  Palasomis  javafiieus),  he 
says — 

These  cases  must  not  be  confounded  with  those  where 
diseased  or  old  females  abnonnally  develop  masculine  char- 
acters.^ 

Dr  Larcher  has  published,  in  the  Journal  de  VAnaixmit  et 
de  la  Physiologie,  Nov.  1873,  an  article  on  "  Les  AflFections  des 
Parties  G^nitales  Femelles  chez  les  Oiseaux,"  where,  among 
other  conditions,  this  relation  between  feathers  and  sexual 
organs  is  discussed  and  further  evidence  offered,  so  that  the 
phenomenon  in  question  is  beyond  doubt 

The  most  remarkable  instance  of  change  of  plumage  in  a  ben 
bird,  that  has  come  under  my  own  notice,  concerns  a  female 
golden  pheasant  now  living  in  the  Pheasants'  Aviary  in  the 
Zoological  Gardens,  London.    A  pair  of  birds,  male  and  female, 
were  presented  to  the  Society  by  Sir  H.  W.  Tyler,  M.P.,  but  the 
hen  bird  presents  all  the  resplendent  dress  of  the  male  bird,  even 
to  a  slight  yellow  coloration  on  the  legs.     On  comparing  ber 
with  the  male  bird,  the  following  differences  only  can  be  per- 
ceived : — The  eye  is  perfectly  dark,  whereas  in  the  male  bird  a 
ring  of  white  encircles  the  iris,  and  the  colour  of  the  plumage  is 
not  quite  so  brilliant  as  in  the  male,  and  she  has  no  spurs.    Mr 
Misselbrook,  the  head-keeper  at  the  Gardens,  informs  me  that 
the  bird  has  undergone  two  moults.     In  spite  of  the  deceit  of 
feathers,  the  male  bird  lives  with  her  quite  happily,  and  they 
have  not  been  seen  to  fight.    On  several  occasions  I  have  seen 
a  male  bird  in  the  next  cage,  who  was  companionless,  making 
overtures  towards  his  neighbour's  hen  in  spite  of  the  assumed 
plumage. 

1  In  cases  of  hermaphroditism  occurring  among  Lepidoptera  one  side  presents 
the  characteristics  of  the  male,  the  other  half  those  of  the  female.  Also,  the 
female  may  assume  the  coloration  of  the  male  where  normally  the  colour  of 
the  two  sexes  widely  differs  (J.  Jenner  Weir,  Bntomologist,  Aug.  1888). 
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Ovarian  Cysts  in  Mares. 

We  must  now  pass  on  to  consider  some  cases  of  cystic  disease 
of  the  oTaries  occurring  in  mares. 

Some  years  ago  a  friend  gave  me  for  anatomical  purposes  an 
old  carriage  mare ;  during  the  dissection,  it  was  observed  that 
both  ovaries  were  enlarged  to  the  size  of  an  orange  (the  normal 
size  equals  a  walnut),  their  increased  dimensions  resulting  from 
the  presence  of  several  cysts. 

The  specimen  remained  in  spirit  for  three  or  four  years. 
Xast  winter  I  investigated  the  matter. 

The  ovaries  of  fifty  mares,  chosen  promiscuously,  were  col- 
lected ;  but  most  of  the  animals  were  killed  on  account  of  their 
age,  none  from  diseasa  Of  this  number  two-thirds  presented 
me  with  cystic  ovaries.  Each  affected  ovary  was  found  to  con- 
tain from  two  to  six  cysts,  varying  in  size  from  a  grape  to  an 
orange.  Plate.  YIII.  fig.  8,  may  be  taken  as  a  fair  illustration 
of  this  condition* 

My  first  impression  was  that  these  cysts  were  really  enlarged 
Graafian  follicles,  and  a  few  doubtless  do  arise  from  this  source, 
bat  the  majority  have  an  origin  of  a  very  different  character. 

When  describing  the  parovarium,  attention  was  drawn  to  the 
fact  that  the  tubules  composing  that  organ  converged  towards 
the  ovary.  If  a  little  care  be  exercised  these  tubules  may,  in 
very  young  subjects,  be  traced  for  a  short  distance  into  the 
substance  of  the  ovaries. 

The  Trans.  Path.  Soe.,  vol.  xxxii.,  1881,  is  enriched  by  a 
paper  from  Mr  Alban  Doran  concerning  some  proliferating 
cysts  which  he  found  in  the  ovary  of  a  seven  months'  foetus. 
In  this  case  Mr  Doran  clearly  and  ably  associates  these  cysts 
with  remains  of  the  WoIflBan  bodies  and  tubules  well  known  to 
occupy  this  region. 

After  reading  Mr  Doran's  paper,  I  kept  careful  watch  among 
the  many  foetuses  dissected  at  the  Middlesex  Hospital  for 
similar  cases,  and  have  been  rewarded  by  finding  an  excellent 
example  of  a  cystic  ovary  in  a  foetus  bom  at  full  time.  In  this 
case  the  cyst  was  not  embedded  in  the  substance  of  the  ovary,  but 
was  at  once  visible  on  examining  the  parts,  as  a  distinct  projec- 
tion, on  the  outer  surface  of  that  organ.    The  cyst  was  of  the  size 
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of  a  split  pea,  and  contained  clear  fluid ;  careful  examination  of 
the  specimen  seems  to  show  that  it  was  the  result  of  abnormal 
distension  of  a  parovarium  tubule  where  it  joined  the  ovary. 

Eeturning  to  mares,  the  following  points  are  worthy  of 
notice : — 

1.  The  cysts  in  question  are  most  common  in  old  mares,  and 

at  a  time  when  they  cease  to  propagate. 

2.  The  majority  of  the  cysts  occupy  the  meso-salpinx,  and 

are  unconnected  with  the  ovary. 

3.  Those  cysts  which  encroach  upon  the  ovary,  do  so  by  their 

pressure  causing  absorption  of  the  ovarian  tissue. 

Several  instances  have  come  under  my  notice  where  nearly 
the  whole  of  the  ovary  has  been  absorbed  by  the  pressure  of 
such  cysts. 

If  this  view  as  to  the  origin  of  these  cysts  is  correct,  the 
following  question  naturally  arises.  Why  should  these  tubules 
remain  quiescent  throughout  the  youth  of  the  animal,  when 
growth  is  in  full  vigour,  to  attain  unnatural  dimensions  in  old 
age? 

The  same  question  might  be  put  with  equal  fairness  to  the 
case  of  the  prostate  of  man,  and  the  following  answer  applies 
with  equal  force  to  both  cases. 

In  the  ovary  of  the  mare,  as  with  the  prostate  of  man,  there 
is  a  great  tendency  for  the  veins  to  dilate  and  become  surcharged 
with  blood.  In  the  case  of  the  mare  the  plexus  is  of  remarkable 
size,  and  the  individual  branches  of  the  veins  are  very  large. 

Venous  stagnation  leads  to  dropsy,  and  to  hypertrophy  very 
often,  hence  it  is  not  very  unreasonable  to  suppose  that  these 
examples  of  increased  growth  of  parts,  previously  quiescent,  may 
depend  on  venous  engoi^ement. 

Plate  VIII.  fig.  8,  is  intended  to  show  the  relation  of  the  large 
veins  to  the  ovary  in  an  old  mare. 

In  support  of  this  view,  attention  may  be  called  to  an  obser- 
vation by  Banks  {On  the  Wolffian  Bodies  and  their  Bemaina, 
1864),  that  the  growth  of  the  "Organ  of  Eosenmliller"  keeps 
pace  with  the  uterus  and  its  appendages.  It  has  been  noticed 
that  after  parturition  the  organ  is  red  and  tumified.  In  the 
sheep  it  is  always  best  seen  during  pregnancy,  and  this  condition 
seems  to  have  a  very  decided  eflect  upon  its  development 
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From  this  it  is  obvious  that  increased  blood  supply  does  affect 
the  parovarium^  and  the  above  facts  come  in  as  excellent  testi- 
mony to  the  notion  I  have  ventured  to  suggest,  that  passive 
hyperctmia  plays  a  part  in  causing  these  tubuUs  to  take  an 
abnormal  growths 

Leaving  mares,  we  must  now  pass  on  to  consider  a  few 
examples  of  cysts,  connected  with  the  parovarium  in  other 
animals. 

In  March  1833,  T  communicated  to  the  Zoological  Society 
a  paper  (since  published  in  the  Proceedings  for  1884)  on  the 
**  Diseases  of  Carnivorous  Mammals."  Among  the  cases  there 
recorded  is  an  e  sample  of  ovarian  disease  in  a  tiger.  The 
animal  was  of  splendid  proportions,  and  had  been  bom  in 
confinement.  It  was  twelve  years  old,  death  having  been 
brought  about  by  an  attack  of  lobar  pneumonia.  Both  ovaries 
presented  abnormal  conditions.  The  right  ovary  contained 
three  solid  tumours  about  the  size  of  a  nut.  and  of  a  reddish 
colour,  one  of  them  being  pedunculated.  Two  cysts  of  the  size 
of  a  cherry  occupied  the  substance  of  the  organ.  The  left  ovary 
presented  three  of  these  reddish  solid  growths,  two  of  firmer 
consistence  than  the  rest  and  pedunculated.  A  cyst  the  size  of 
a  gooseberry  occupied  the  substance  of  the  ovary.  Hanging 
from  the  meso-salpinx  is  a  cyst  the  size  of  a  cherry,  attached  by 
a  narrow  pedicle,  whilst  hanging  among  the  fringes  of  the 
abdominal  end  of  the  Fallopian  tube  are  numerous  pedunculated 
cysts  the  size  of  millet  seeds.  The  solid  growths,  when  examined 
microscopically,  exhibited  a  structure  similar  to  corpora  lutea. 
In  this  case,  as  in  that  of  the  mare,  there  can  be  little  doubt 
that  these  cysts  result  from  dilatation  of  the  tubules  composing 
the  parovarium. 

It  seems  to  me  that,  ovarian  and  parovarian  affections  are  by 
no  means  ^common  in  "  wild  animals,"  but  occur  with  tolerable 
frequency  in  domestic  animals.  Many  carnivorous  animals 
have  been  examined  post  mortem,  during  the  past  three  years, 
and  in  every  case  the  uterus  and  its  appendages  have  been 
particularly  inspected;  hence  it  appears  remarkable  that  the 
first  case  should  be  found  in  tiger  born  and  bred  in  the  captive 
state !    A  well-marked  example  of  cystic  ovarian  disease  come 
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under  my  observation  in  a  common  cat.  The  right  ovary  had 
dwindled  to  the  size  of  a  split  pea.  The  left  one  has  two  cysts 
developed  in  conaection  with  the  ovary  itself,  of  the  size  of 
small  grapes,  whilst  hanging  pendulous  from  the  Fallopian  tube 
are  several  smaller  cysts  with  well-marked  pedicles;  these 
smaller  bodies  obviously  arise  by  dilatation  of  the  parovarian 
tubules. 

In  an  uterus  and  its  appendages  taken  from  a  tree  porcupine 
which  lived  for  some  time  in  the  Zoological  Grardeos,  the  left 
ovary  was  occupied  by  a  cyst  the  size  of  a  small  gooseberry, 
which  has  encroached  for  a  considerable  extent  on  the  proper 
structure  of  the  ovary,  which  has  atrophied  in  consequence. 
There  is  yet  a  singular  class  of  cases  to  be  discussed : — 

It  is  a  curious  and  noteworthy  fact  that  in  many  cases  of 
malformed  and  defective  uteri  I  have  had  opportunity  of  ex- 
amining, the  ovarian  and  parovarian  bodies  were  the  seat  of 
cystic  dilatation.  The  following  case,  taken  from  a  goat,  will 
serve  as  a  characteristic  example.  The  uterus  and  vagina  were 
nothiug  more  than  a  narrow  tube — a  papilla  indicated  the  open- 
ing of  the  urethra.  The  uterine  cornua  were  dilated,  but  they 
had  no  connection  with  the  middle  tubular  portion,  which  were 
distended  with  thick  mucus.  Hanging  from  the  ends  of  these 
dilated  portions  were  the  diminutive  ovaries;  the  left  one  was 
absorbed  in  great  measure  by  the  pressure  of  a  cyst  the  size  of  a 
cherry. 

A  critical  examination  of  this  case  seems  to  demonstrate  that 
the  tube  formed  by  the  confluence  of  the  two  Mullerian  ducts, 
in  the  usual  course  of  development,  had  failed  to  advance  any 
further  in  the  formation  of  an  uterus,  and  had  simply  persisted 
as  a  duct,  merely  undergoing  an  increase  in  proportions.     Hence, 
given  an  imperfect  uterus,  the  ovaries  are  necessarily  useless 
structures,  and  become  prone  to  assume  morbid  chang&    Such 
cases  are  by  no  means  unknown  in  the  human  female,  and  the 
cystic  ovary  and  parovarium  represented  in  Plate  VIII.  fig.  9,  was 
taken  from  a  girl,  aged  18  years,  who  possessed  an  uterus  which 
had  never  passed  beyond  the  "  tubular "  condition,  or  stage  of 
confluence  of  the  Miillerian  ducts.    In  this  case  the  ovary  was 
bedecked  with  numerous  pedunculated  cysts  originating  in  the 
parovarian  tubules. 
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The  facts  recorded  in  the  preceding  pages  ought  not  to  be 
regarded  as  mere  curiosities,  in  that  they  serve  as  instances  of 
disease  occurring  in  animals ;  nor  should  they  be  estimated  as 
merely  interesting  in  that  they  illustrate  truths  which  might  d 
priori  have  been  anticipated.  The  investigation  was  originally 
Dudertaken  for  the  purpose  of  determining  how  far  the  notion 
that  cysts  may  origincUe  in  functionless  ducts  and  tubules,  would 
hold  its  ground,  if  the  view  were  extended  to  animals  in 
general. 

How  far  I  have  succeeded  must  be  left  for  others  to  deter- 
mine. To  me  it  has  been  a  labour  of  very  great  pleasure,  and 
my  hope  is,  that  others  more  capable  of  judging  may  not  esteem 
this  work  "  labour  in  vain,"  or  "  valueless." 


EXPLANATION  OF  PLATE  VIII. 

Fig.  1.  The  pelvis,  with  the  bladder,  uterus,  and  rectum  of  a 
Macaque  m(xikey.     The  uterus  is  anteflexed. 

Fig.  2.  The  pelvis  and  its  contained  viscera,  from  a  monkey.  The 
uterus  is  retrofiexed.  The  parovarium  is  cystic  on  both  sides.  The 
right  ovary  lay  behind  the  fundus  of  the  uterus,  but  in  the  drawing  it 
is  drawn  out  so  as  to  show  the  cysts. 

Fig.  3.  The  pelvis  of  a  monkey  (Cercocebus  collaris).  The  uterus 
is  flexed  laterally,  and  its  fundus  rests  on  the  right  psoas  muscle. 

Fig.  4.  Uterus  of  a  Mollucca  deer  (Gervus  moUuceensis)^  ehowiog 
an  anteflexed  fundus  associated  with  atrophy  of  the  anterior  wall  of 
the  uterus,  due  to  the  pressure  of  the  flexed  fundus. 

Fig.  5.  Uterus  of  a  kangaroo.  The  Fallopian  tubes  were  distended 
with  caseous  matter — pyosalpinx. 

Fig.  6.  The  genito-urinary  organs  of  a  male  toad  {Bufo  vulgaris), 
showing  cystic  dilatation  of  the  Miillerian  ducts. 

Fig.  6-a.  The  generative  organs  of  the  male  of  the  common  frog 
(Rana  temporaria),  page  130. 

Fig.  7.  The  cloaca  of  a  bird,  with  the  lower  end  of  the  left  oviduct 
The  rudimentary  right  oviduct  has  commenced  to  assmne  a  cystic 
condition. 

Fig.  8  The  right  ovary  and  Fallopian  tube  of  a  mara  The  ovary 
has  undergone  atrophy,  due  to  the  pressure  of  cysts  which  occupy  the 
meso-salpinx. 

Fig.  9.  The  ovary.  Fallopian  tube,  and  parovarium,  which  is  cystic, 
from  a  girl  set  17. 
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Both  testes  were  large  and  fully  developed.  On  the  right  side 
the  much  coQvoluted  vas  deferens,  3*5  mm.  in  diameter,  passed 
backwards  from  a  full  sized  epididymis,  and  terminated  pos- 
teriorly in  a  dilated  portion  (seminal  vesicle)  opening  to  the  sperm 
sac  (seminal  bladder  of  Balfour),  which  was  situated  alongside  it, 
and  opened  in  its  turn  to  the  urino-genital  sinus.  This  arrange- 
ment also  is  of  the  usual  typical  character  found  in  the  male  skate. 
But  whilst  the  testis  on  the  left  side  was  of  the  same  size,  and 
presented  the  same  appearance  as  that  on  the  right,  the  remainder 
of  the  male  sexual  organs  on  this  side  were  somewhat  modified 
in  form.  It  was  not  unlikely  that  the  testis  of  this  side  might 
have  been  imperfect,  or  have  had  a  rudimentary  ovary  iu  con- 
nection with  it,  as  occasionally  occurs  in  frogs  and  toads,^  but  on 
examination  this  could  not  be  found,  and  in  the  testis  nothing 
but  true  spermatozoa  in  various  stages  of  development  was 
discovered.  This  testis,  as  seen  from  the  ventral  side,  was  partly, 
and  the  epididymis  almost  completely,  hidden  by  the  oviduct  and 
oviducal  gland.  The  epididymis  was  a  little  smaller  than  that 
of  the  right  side — ^not  in  length  but  in  bulk — and  was  closely 
connected  with  the  oviducal  gland  by  fibrous  tissues,  but  other- 
wise was  normal,  presenting  the  usual  highly  convoluted  appear- 

^  The  presence  of  a  rudimentary  or  degenerated  ovary  in  male  frogs  and  toads 
has  been  described  and  investigated  by  Bidder,  Von  Wittich,  Leydig,  and  others  ; 
and  seems  to  be  among  the  latter  a  normal  condition  not  only  among  the  young, 
as  described  by  Milnes  Marshall  (Jour,  of  AncU.  and  Phys,,  January  1884),  but 
also  among  the  full-grown  animals;  for  of  276  toads  dissected  in  Edinbni]gh 
University  Natural  History  Laboratory  last  summer,  230  were  males,  most 
of  them  being  of  full  size,  and  having  reached  sexual  maturity,  as  shown  by  the 
presence  of  spermatozoa  in  the  testes.  Of  these  230,  all  had  a  small  ovary 
attached  to  or  near  the  anterior  end  of  the  testis  of  each  side ;  the  ovary  in  some 
cases  being  not  more  than  1  mm.  in  diameter,  but  in  most  being  from  4  to  5  mm., 
and  sometimes  divided  into  unequal  and  quite  separate  portions.  Of  these  males 
90  per  cent  had  a  more  or  less  perfect  MiUlerian  duct  on  each  side.  In  some 
cases  the  duct  was  as  much  as  1*2  mm.  in  diameter,  and  complete  as  to  its 
length ;  in  others  it  was  visible  merely  as  a  small  projecting  tubular  thread, 
about  '6  mm.  thick  and  from  5  to  10  mm.  long.  In  most  cases,  however,  it 
appeared  as  a  more  or  less  distinct  line,  var3ring  from  an  apparently  complete  duct 
of  '25  mm.  diameter  to  a  mere  fine  line  of  thickened  tissue  ;  sometimes  a  short 
portion,  5  to  10  mm.  long,  varying  in  position,  but  generally  near  the  posterior 
end,  being  of  larger  diameter. 

Dr  J.  A.  Smith  describes  {Proc,  Boy,  Physical  Soc  Edin,,  vol.  iii.,  1865) 
a  similar  occurrence  of  combined  ovary  and  milt  in  a  cod. 
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ance.  The  vas  deferens  was  of  less  diameter  (being  almost  2 
zqdl)  than  that  of  the  right  side,  bat  its  lumen  was  complete,  and 
it  contained  seminal  fluid.    It  formed  one  or  two  bends  near  the 

a 

posterior  end  of  the  epididymis,  but  instead  of  continuing  its 
course  as  a  convoluted  duct,  it  ran  backwards  in  a  nearly 
straight  line  until  its  termination  in  a  dilated  portion  or  seminal 
vesicle,  which  also  was  slightly  narrower  than  that  of  the  right 
side. 

The  special  peculiarity  here,  however,  was  that  the  sperm  sac 
was  absent,  and  the  dilated  part  of  the  vas  deferens  opened 
directly  to  the  cloaca,  so  that  with  comparative  ease  a  bristle 
could  be  passed  from  the  cloaca  directly  through  the  seminal 
vesicle,  and  thence  right  up  the  vas  deferens  as  far  almost  as  the 
posterior  end  of  the  epididymis. 

It  is  probable  that  the  diminished  size  of  the  left  vas  deferens 
would  not  have  been  caused  merely  by  the  abnormal  presence 
of  a  persisting  but  incompletely  developed  and  functionless 
MiiUerian  duct,  but  was  due  to  this  duct  having  reached  the 
advanced  stage  of  a  true  oviduct;  the  vas  deferens  not  being 
small  in  size,  on  account  of  the  presence  of  the  oviduct  causing 
an  interference  with  the  due  discharge  of  its  functions,  nor  from 
other  mechanical  causes,  but  because  it  suffered  in  its  growth 
from  the  physiological  effort  entailed  in  bringing  the  oviduct  to, 
and  maintaining  it  in  the  fully  developed  condition  which  it 
here  occupied. 

It  is  likely,  however,  that  the  absence  of  a  sperm  sac  was  due 
to  something  more  than  this,  viz.,  either  that  the — at  this  point 
— close  proximity  of  the  growing  oviduct  retarded  or  altogether 
prevented  its  original  development,  or  that  it  atrophied  on 
account  of  disuse  caused  by  the  presence  of  the  oviduct  inter- 
fering with  the  discharge  of  its  functions.  The  vas  deferens 
and  oviduct  were  for  the  last  2  cm.  of  their  length  closely  bound 
together  by  a  somewhat  thickened  tissue,  which  may  have  been 
the  degenerated  sperm  sac ;  but  the  fact  of  the  dilated  end  of 
the  vas  deferens  opening  directly  and  in  a  simple  straight  line 
to  the  cloaca  would  seem  to  imply  that  the  sperm  sac  bad  nc^ror 
in  this  case  been  developed. 

Although  it  can  readily  be  understood  how  the  oviduct  might 
prevent  the  development  of  the  sperm  sac,  from  its  close  proxi- 
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mity  to  it,^  and  how  it  might  to  a  certain  extent  so  retard  the 
development  of  the  Wolffian  duct  as  to  prevent  its  ever  acquiriug 
the  large  size  and  convoluted  form  of  the  adult  vas  deferens, 
yet  it  is  difficult  to  see  how  it  affected  the  arrangement  of  the 
aperture  of  the  vas  deferens.  The  urino-genital  sinus  is  formed 
by  the  coalesced  terminations  of  the  two  Wolffian  ducts  which 
originally  open  to  the  cloaca,^  and  it  is  remarkable  that  in  this 
case  the  left  Wolffian  duct  should  not  have  followed  the  usual 
course  of  development,  since  the  Miillerian  duct  was  probably 
wholly  split  off  from  the  original  segmental  duct,  and  became 
free  of  it  before  the  stage  of  the  coalescence  of  the  Wolffian  duct^s 
to  form  the  urino-genital  sinus  was  reached ;  and  as  the  oviduct 
lies  ventral  and  external  to  the'Wolffian  duct,  there  was  nothing 
to  interfere  with  the  approximation  of  the  two  ducts.  Again  it 
is  noticeable  that  the  single  right  Wolffian  duct  formed  a  complete 
urino-genital  sinus  for  itself,  with  the  usual  median  papilla 
through  which  it  opened  to  the  cloaca.  Altogether  the  appear- 
ance presented  by  the  condition  of  these  organs  in  this  skate 
would  have  led  (apart  from  our  embryological  information)  to 
the  inference  that  the  urino-genital  sinus  was  developed  separ- 
ately, and  was  not  the  early  conjoined  terminations  of  the 
Wolffian  dncts. 

The  right  ureters  opened  as  usual  to  the  sinus,  but  the  left 
appeared  to  open  to  the  dilated  portion  of  the  vas  deferens  of 
their  side.> 

In  the  cloaca  there  was  present,  besides  the  anal  aperture,  the 
median  urino-genital  papilla ;  and  slightly  to  the  left  of  it  was 
the  small  aperture  of  the  left  vas  deferens ;  to  the  exterior  of 
which  again  was  situated  the  large  and  tumid  mouth  of  the 
oviduct. 

One  more  peculiarity  remains  to  be  noticed,  as  a  further 
evidence  of  the  perfect  functional  condition  in  which  the  oviduct 
was  found. 


>  The  Bperm  sac  being  deyeloped  late  in  the  growtli  of  the  embryo,  or  being 
even  a  post-embryological  formation  (Balfour,  DevelopmetU  of  Elasmcbranck 
Pishes), 

*  Balfour,  Development  of  jElasmobraneh  Fishes, 

'  Before  this  could  be  satisfactorily  ascertained,  the  accidental  destruction  of  the 
specimen  unfortunately  prevented  further  investigation. 
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This  was  the  presence  of  spermatozoa  in  the  anterior  (Fallo- 
pian  tube)  portion.    The  general  anatomical  details  described 
above  were  noted  a  few  hours  after  the  fish  was  caught,  but  none 
of  the  generative  organs  were  probed  nor  cut  into  until  fifty- 
foar  hours  later,  and  probably  more  than  sixty  after  the  death 
of  the  animal;  yet  on  microscopical  examination  of  the  fluid 
then  found  in  the  Fallopian  tube,  it  was  discovered  to  be  full 
of  living  spermatozoa  moving  actively.    A  good  deal  of  ciliated 
epithelium  appeared  also  on  the  slide,  the  cilia  moving  freely ; 
hut  that  the  motion  of  the  spermatozoa  was  not  due  to  this 
cause  was  proved  by  finding  them  moving  actively  in  fluid 
which,  by  being  more  carefully  removed  from  the  duct,  contained 
DO  epithelium. 

I  cannot  think  it  likely  that  these  spermatozoa  got  in  and 
passed  up  the  oviduct  after  the  death  of  the  fish,  for  no  sperma- 
tozoa could  be  found  in  the  cloaca  and  the  presence  of  sperma- 
tozoa in  the  posterior  part  of  the  oviduct  was  doubtful,  and  at 
all  events,  if  present,  they  were  not  motile.  I  conclude,  therefore, 
that  the  sperms  found  in  the  upper  part  of  the  oviduct  passed  up 
there  during  the  life  of  the  fish,  and  certainly  they  still  remained 
motile  even  after  the  considerable  lapse  of  time  mentioned.  It 
is  probable  that  these  spermatozoa  got  into  the  oviduct  from  self 
impr^nation,  and  that  the  oviduct  and  its  gland  were  in  the 
advanced  sexual  condition  here  found  from  sympathy  with  the 
rest  of  the  generative  (male)  orgtms.  Otherwise  we  would 
require  to  suppose  not  only  that  the  physiological  influence  of 
this  fully  developed  oviduct  on  the  fish  was  such  as  to  cause 
it  so  far  to  lose  for  a  time  the  sense  of  its  proper  sex  as  to 
permit  of  its  being  impregnated  by  another  male,  but  also  to 
suppose  the  other  male  capable  of  being  also  misled  in  that 
direction. 


EXPLANATION  OF  PLATE  IX. 

The  yentral  wall  has  been  cut  away  to  expose  the  reproductive 
organa  The  alimentary  tract  and  left  testis  have  been  removed,  and 
both  epididymes  slightly  displaced  upwards  to  show  the  ducta 


ON  THE  INFLUENCES  OE  SOME  CONDITIONS  ON 
THE  METAMORPHOSIS  OF  THE  BLOW-FLY 
(Musca  vomitoria).  By  Jamss  DaVison,  L.B.C.S.L, 
LK.Q.C.P.I.,  Medical  Officer,  Sallinakill  Dispensary,  laie 
Demonstrator  of  Anatomy  in  the  Royal  College  of  Surgeons, 
Ireland. 

DtTRtNG  August  and  September  of  last  year,  while  dissecting 
the  bodies  of  some  of  the  lower  animals,  I  noticed  that  on  any  of 
those  which  had  been  exposed  for  a  short  time,  the  blow-fly 
{Musca  vomitoria)  had  deposited  its  eggs.   The  favourite  situations 
for  these  deposits  were  the  mouth,  anus,  inside  of  the  thighs  and 
arms,  and  on  that  surface  of  the  body  on  which  the  animal 
happened  to  lie.    In  selecting  these  sites,  the  mothers  probably 
were  influenced  by  the  greater  security  they  conferred  on  the 
future  welfare  of  their  offspring.    I  have  never  seen  these  flies 
depositing  their  eggs  on  perfectly  fresh  meat,  when  decomposing 
material  was  present.    By  its  odour,  they  probably  distinguish 
between  dead  matter  which  does,  and  living  matter  which  does 
not  suit  their  purpose.     It  is  a  curious  fact  that  this  capability, 
whether  the  result  of  inherited  experience  or  conscious  ratiocina- 
tion, is  deceived  by  the  aroma  of  the  plant.  Arum  dracu^nctUus, 
when  flowering,  on  which,  as  if  it  were  flesh,  they  deposit  their 
eggs.    As  usual  these  develop  into  larvse,  and,  feeding  on  the 
plant  until  ready  to  assume  the  pupa  form,  when  they  descend 
and  seek  a  place  suitable  for  undergoing  this  transformation. 
These  matters  are  noticed  in  Cuvier's  Animal  Kingdom,  in  the 
chapter  on  the  Diptera.    Though  the  writer  states  that  this  is  a 
case  of  deception^  the  fly  believing  the  plant  to  be  flesh,  might 
it  not  be  quite  conscious  that  it  is  not  so,  but  that,  possessing 
certain  properties,  it  will  suit  its  purpose.    It  probably  has  no 
conception  of  the  Arum  and  flesh  as  such,  but  is  conscious  that 
both  have  what  it  desires.    However,  at  present  I  will  say 
nothing  further  of  the  psychology  of  these  insects,  than  that  I 
shall  again  more  fully  enter  into  the  subject. 
Having  thus  plenty  of  material,  I  was  induced  to  try  how  the 
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metamorphosis  of  these  eggs  might  be  influenced  by  placing 
them  under  a  variety  of  conditions.    And  to  this  I  was  led 
chiefly  by  reading  Karl  Semper's  book  on  the  Natural   Can- 
ditiona  of  Existence  as  they  affect  Animal  Life.   In  this  book,  to  me 
one  of  the  most  suggestive  I  had  ever  read.  Semper  strives  to 
show  that  the  problem  for  the  believer  in  evolution  now  to 
solve,  is  how  do  natural  conditions  modify  an  organism  so  as  to 
produce  a  new  variety.     With  this  interesting  object  in  view,  I 
nndertook  the  performance  of  these  few  experiments,  which, 
together  with  their  results,  I  shall  shortly  detail.    Though  I  did 
not  succeed  in  producing  a  variety,  nor  indefinitely  showing 
how  some  of  the  conditions  employed  influenced  the  develop* 
ment   of  the  blow-fly,  nevertheless   I    am    induced  to  draw 
attention  to  what  I  have  done,  in  hopes  that  (should  they  be 
considered  of  sufficient  importance)  they  will  encourage  workers 
in  this,  a  field  promising  such  a  rich  harvest  of  results,  and 
scarcely  yet  entered  on  by  experiment 

Six  experiments  were  performed,  and  the  modifying  conditions 
used  were  heat,  light,  its  blue  rays,  and  its  absence— darkness. 
I  shall  now  proceed  to  give  these  in  detail,  quoting  from  notes 
accurately  taken  at  the  time,  and  their  sequence  shall  be  in  the 
order  in  which  they  were  performed. 

Bxperiment  No.  1. 

This  experiment  was  made  for  the  purpose  of  seeing  what 
would  be  the  effect  of  light,  darkness,  and  the  blue  rays  of  the 
spectrum  on  the  metamorphosis  of  these  eggs  into  larvae,  and, 
further  continued,  it  also  shows  the  influence  of  these  media  on 
the  change  of  the  larvae  into  pupae.  The  blue  rays  were 
employed  rather  than  any  other  of  the  colours  of  the  spectrum, 
because  vessels  of  this  hue  were  at  hand.  Finally  is  seen  the 
efTects  of  some  of  these  media  on  the  terminal  metamorphosis  of 
the  pupae  into  imagines. 

On  Monday  the  7th  of  August  1882,  a  turkey's  liver,  on  which 
blow-flies  had  deposited  their  eggs  on  that  and  on  the  previous  day, 
was  divided  into  three  nearly  equal  parts.  These  eggs  therefore 
varied  in  age,  from  twenty- four  hours  to  six,  hence  by  so  much 
will  they  differ  in  their  times  of  metamorphosis.  One  of  these 
pieces,  and  on  each  of  which  were  a  considerable  number  of 
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eggs,  was  placed  in  an  ordinary  eight  onace  dear  glass  bottle, 
another  was  placed  in  a  blue  glass  bottle  of  the  same  shape  and 
capacity ;  both  were  then  lightly  corked,  and  the  last  piece  was 
placed  in  a  wooden  box  of  about  four  inches  in  length  and  two 
in  height ;  the  lid  was  then  shut  down,  and  all  wrapped  up  in  two 
layers  of  brown  paper,  so  as  to  exclude  the  light  as  completely 
as  possible.  This  was  done  at  half-past  three  o'clock  p.m.  on 
the  day  mentioned,  and  the  three  vessels  were  immediately 
placed  in  the  window  of  my  laboratory,  which  had  a  southern 
aspect.  This  laboratory  was  an  out-building,  and  had  no  fire. 
Now,  if  light,  its  blue  rays,  or  daikness,  interfere  with  the 
metamorphosis  of  these  eggs  into  larvae,  we  shall  here  be  able 
to  see,  having  them  placed  under  such  circumstances  as  shall 
allow  these  media  to  exert  their  unbiassed  powers. 

At  eleven  o'clock  A.M.  on  the  next  day,  larvee  were  found  in 
each  of  these  vessels,  and  in  each  still  remained  some  eggs 
unchanged.  At  the  same  hour  on  the  next  day,  all  these  eggs 
had  become  larvae,  nor  at  this  time  did  any  of  these  dififer  from 
each  other  in  any  of  the  three  vessels.  Of  course  the  larvae 
developed  on  yesterday  were  larger  than  those  developed  on 
to-day,  but  what  I  mean  to  convey  is,  that  these  were  similar 
in  each  of  the  vessels.  In  fact,  this  difference  of  condition  did 
not  produce  a  corresponding  difference  in  the  metamorphosis  of 
these  eggs  into  larvae.  That  some  of  the  eggs  metamorphosed  a 
day  earlier  than  others  is  to  be  accounted  for  by  the  fact  of  the 
difference  in  their  ages,  probably  those  laid  on  the  sixth  became 
larvae  on  the  eighth,  and  those  on  the  seventh  became  trans- 
formed on  the  ninth.  These  eggs  then  occupied  forty-eight  hours 
in  their  hatching,  if  I  may  be  allowed  the  term,  and  this  process 
was  neither  quickened  nor  retarded  by  the  media  employed. 
Let  us  then  see  how  the  future  development  proceeded  under 
the  same  circumstances. 

At  half-past  four  o'clock  p.m.  on  the  11th  of  August  I 
examined  these  larvae,  and  found  those  in  the  clear  glass  bottle 
and  in  the  wooden  box  were  of  equal  size,  but  manifestly  both 
larger  than  those  contained  in  the  blue  glass  vessel.  I  regret 
that  I  did  not  preserve  a  larva  from  each  of  these  vessels,  so 
that  I  might  now  be  able  by  drawings,  weights,  and  measure* 
ments   to  illustrate  their  comparative  development    In  my 
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future  experiments  on  this  subject,  I  shall  endeavoar  to  profit 
by  EDj  mistakes  in  these. 

On  the  12th,  introduced  into  each  of  these  vessels  pieces  of 
decomposing  rabbit's  liver  for  food;  this  was  necessary,  there 
being  a  considerable  number  of  larvae,  and  they  are  most 
voracious  creatures.  Those  in  the  blue  glass  bottle  still  remain 
the  smallest 

On  the  13th  the  larvae  were  fed  on  the  muscles  of  a  corn- 
crake, the  box  and  clear  bottle  larvae  growing  rapidly,  the 
growth  of  those  in  the  blue  bottle  not  so  manifest. 

On  the  14th,  introduced  more  food  in  the  shape  of  corn-crake's 
and  young  swallow's  muscles.  The  larvae  comparatively  remain 
as  on  yesterday,  of  course  with  some  increase  in  size. 

On  the  15th,  introduced  more  food  in  the  form  of  decompos- 
ing liver  of  a  rabbit ;  to  them  this  was  a  luscious  morsel,  the 
softer  portions  of  it  being  eaten  with  greater  avidity,  if  pos- 
sible, than  usual.  To-day  the  larvae  in  the  blue  bottle  are  not 
so  active  in  their  movements  as  those  of  other  vessels. 

On  the  IGthy  blue  bottle  larvae  still  remain  dulL  To-day 
specimens  from  each  vessel  (the  prevailing  size  being  chosen) 
were  weighed  and  measured.    The  following  is  the  result  :*- 

Biix  Larra.       Clear  Bottle  Larrs.     Bine  01a«  Laira 

Weight,         .  1}  grains.  1}  grains.  |  of  a  grain. 

Length,  g  of  an  inch.      g  of  an  inch.      i  an  inch. 

This  shows  that  the  clear  glass  bottle  and  box  larvae  were 
twice  as  heavy  as  those  of  the  blue  glass  vessel,  and  also  that 
they  were  longer;  in  length,  however,  the  excess  was  not  so  great 
as  in  weight 

On  the  17th  no  change  to  report,  but  on  the  18th  it  was 
noticed  that  some  of  the  larvae  in  the  blue  glass  vessel  lie 
stretched  out  and  motionless,  in  fact,  as  if  dead  ;  on  being  touched 
however,  they  moved. 

On  the  19th  no  change,  but  on  the  20th  two  of  the  blue  bottle 
larvae  had  died.  As  these  vessels  now  contained  but  some 
pieces  of  rotten  flesh,  and  as  larvae  when  about  to  become 
pupae  seek  for  something  wherein  to  embed  themselves,  for 
this  purpose  into  each  I  put  some  cotton  wool.  Here,  then,  they 
had  a  nidus,  when  disposed  towards  metamorphosis. 
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On  the  2l8t  it  was  seen  that  during  the  previous  night  the 
larvae  in  the  box  and  in  clear  glass  bottle  had  burrowed  into, 
and  remained  in,  the  cotton  wool.  Some  of  those  in  the  blue 
bottle  did  likewise,  the  remainder  were  dead. 

On  the  22nd  one  of  the  larvse  in  the  box,  on  the  night  of  the 
2l8t,  had  become  a  pupa ;  no  change  in  those  of  the  other 
vessels.  On  the  23rd  all  the  larvae  in  the  box  had  become 
pupae,  and  no  change  in  those  of  the  other  vessels. 

So  far  it  is  clear  that  the  larvae  exposed  to  the  light  in  the 
colourless  glass  bottle  have  been  retarded  in  their  metamorphosis 
into  pupae,  [f  this  exposure  to  light  be  the  cause  of  retardation, 
some  of  those  withdrawn  from  its  influence  should  become  more 
rapidly  transformed.  This  I  did  to-day  by  transferring  a  few 
larvae  from  the  clear  glass  bottle  into  a  small  wooden  box,  the  fac- 
simile of  the  one  already  described.  Now,  I  said,  if  light  be 
the  disturbing  medium,  the  larvae  transferred  to  this  box,  where 
such  cannot  interfere,  should  metamorphose  more  rapidly  than 
those  subjected  to  its  influence  in  the  clear  glass  bottla 

On  the  24th,  as  a  result  of  the  previous  day's  change,  it  was 
seen  that  the  transferred  larvae  had  burrowed  in  the  cotton,  but 
had  not  yet  undergone  transformation.  The  clear  and  blue 
bottle  larvae  remain  as  before.  To-day,  in  order  that  the  clear 
bottle  larvae  might  the  more  fully  be  brought  under  the  influence 
of  light,  I  removed  the  cotton  wool  from  their  vessel  However, 
as  will  be  seen,  on  the  26th,  thinking  that  these  larvae,  having 
nothing  on  which  to  attach  themselves  preparatory  to  their 
metamorphosis,  and  that  this,  irrespective  of  the  influence  of 
the  light,  might  retard  the  process,  I  introduced  a  few  hard  rolls 
of  cotton  wool,  to  which  they  might  cling  but  not  burrow  into. 

On  the  25th  some  of  the  larvae  transferred  to  the  box  had 
become  pupae,  but  no  change  in  those  allowed  to  remain  in  the 
clear  glass  bottle.  To-day  it  was  noticed  that  the  larvae  in  the 
blue  bottle,  through  previously  burrowed  in  the  cotton  wool,  as 
if  about  to  undergo  their  metamorphosis,  were  now  crawling 
around  the  sides  of  their  habitat.  Some  principle  necessary 
to  their  performing  this  process  must  therefore  be  in  abey- 
ance, or  their  present  circumstances  have  some  baneful  effects ; 
however,  no  endeavour  was  made  to  determine  which  was  the 
cause. 
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On  the  26th  all  bat  four  of  the  transferred  larvse  had  become 
transformed  into  pupse,  and  no  change  in  those  of  the'  clear  or 
blae  glass  bottle.  As  before  said,  on  this  day  some  cotton  wool 
was  introduced  into  clear  glass  bottle. 

On  the  27th  all  the  transferred  larvae  had  metamorphosed; 
no  change  in  those  in  the  clear  and  blue  bottles.  So  far,  then,  this 
experiment  doubly  shows  that  the  presence  of  light  considerably 
retards  the  metamorphosis  of  blow-fly  larvse  into  pupae. 

On  the  28th  no  change  to  report 

On  the  29th  some  of  the  clear  bottle  larvae  had  become  pupae ; 
no  change  in  those  of  the  blue  bottle.  Larvae  then,  pretty 
fully  exposed  to  the  influence  of  light,  are  seven  days  longer 
in  becoming  pupae  than  those  fully  secluded  from  its  effects. 
It  will  be  remembered  that  the  primary  box  larvae  began  their 
transformation  on  the  22nd,  that  is  seven  days  before  those  of 
the  dear  bottla 

On  the  30th  three  larvae  in  the  clear  bottle  remain  unchanged, 
all  the  others  having  become  pupae. 

On  the  2nd  of  September  two  of  these  three  had  metamor* 
phosed ;  on  the  5th  the  last  of  them  was  transformed.  The  blue 
bottle  larvae  did  not  metamorphose,  but  died  in  that  condition. 

On  the  17th  of  September  the  pupae  of  the  first  box  began  to 
be  transformed  into  imagines,  that  was  in  twenty-six  days  from 
the  date  of  their  so  becoming.  The  pupae  of  the  clear  glass 
bottle  began  the  same  transformation  on  the  21st  of  the  same 
month.  I  shall  now  give  the  results  of  this  experiment  in  a 
tabular  form,  premising  that  no  further  attention  was  paid  to 
this  final  metamorphosis,  and  as  was  before  said  the  blue  bottle 
larvae  died  in  that  condition. 

Box  eggs  became  larvae  on  8th  and  9th  August;  pupae  on 
22nd  and  23rd  August ;  imagines  on  17th  September. 

Clear  bottle  eggs  became  larvae  on  8th  and  9th  August ;  pupae 
on  29th  August  to  5th  September;  imagines  on  21st 
September. 

Blue  bottle  eggs  became  larvae  on  8th  and  9th  August ;  did 
not  further  metamorphose. 

This  shows  that  light,  darkness,  and  the  blue  rays  of  the 
spectrum  do  not  apparently  interfere  with  the  primary  meta-* 
morphosis  of  these  eggs  into  larvae,  this  having  occurred  in  each 
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case  in  the  same  period  of  time,  viz.,  in  forty-eight  hoars ; 
farther,  it  shows  that  these  conditions  do  inflaence  the  next 
metamorphosis  of  those  larvae  into  papae.  That  darkness  is  the 
most  favoarable  to  this  process  is  seen  by  its  occupying  under 
this  condition  the  shortest  period  of  time,  viz.,  fourteen  days, 
whereas  under  the  partial  inflaence  of  light  the  same  change 
requires  from  twenty-one  to  twenty-eight  days  to  complete 
itself.  This  transformation  not  taking  place  at  all  under  the 
influence  of  the  blue  rays  of  light,  shows  it  to  be  the  most 
unfavourable  of  all  the  conditions. 

With  regard  to  the  final  metamorphosis  into  imagines,  this 
would  show  that  light  is  favourable,  for  under  such  conditions 
it  occurs  in  twenty-three  days,  whereas  under  darkness  it 
occupies  twenty-six  days.  Suppose  that  future  experiments 
bear  out  the  truth  of  these,  it  will  then  be  interesting  to  specu- 
late as  to  how  these  conditions  act  so  as  to  produce  these  curious 
effects  on  the  life  history  of  blow-flies.  Presuming,  however, 
that  future  investigations  will  do  so,  I  shall,  towards  the  end  of 
this  paper,  endeavour  to  give  some  explanation  of  the  pheno- 
mena, believing,  as  I  do,  that  truth  more  quickly  emerges  by 
offering  a  wrong  theory  than  by  offering  none  at  all,  meanwhile, 
I  shall  detail  some  further  experiments. 

Experiment  No,  2. 

This  was  instituted  in  order  to  see  what  would  be  the  effect 
of  some  of  the  colours  of  light,  and  of  comparative  darkness,  on 
the  metamorphosis  of  pupae,  into  imagines.  I  use  the  term  com- 
parative darkness,  because  to  produce  this  condition  an  ordinary 
black  glass  wine  bottle  was  used,  and  this  does  not  completely 
exclude  the  light. 

On  the  evening  of  the  17th  August,  some  pupas  of  the  same 
age  were  put  into  three  bottles  of  different  colours,  viz.,  green, 
blue,  and  black,  these  were  lightly  corked,  and  placed  in  the 
window  before  mentioned. 

These  were  examined  on  the  evening  of  the  next  day,  when 
it  was  found  that  the  pupae  of  each  bottle  had  become  imagines ; 
those  of  the  black  bottle  differed  from  those  of  the  others,  in 
that  they  were  smaller,  and  more  feebly  pigmented,  in  fact,  their 
bodies  were  somewhat  translucent.    This  experiment  unfortu- 
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natelj  was  not  carried  further,  in  order  to  have  seen  whether  or 
not  those  almost  colourless  imagines  would  become  pigmented 
had  they  been  allowed  to  remain  in  the  black  bottle. 

I  experimented  on  this  subject  a  little  further,  by  putting  eight 
pnpse  into  an  old  ink  jar,  capable  of  containing  about  half  a  pint 
of  fluid.  This  was  lightly  corked,  and  wrapped  in  two  layers  of 
black  paper,  and  placed  deeply  in  a  vessel  containing  bran; 
here  light  could  not  enter.  I  examined  this  next  evening,  and 
found  that  the  pupae  had  become  imagines,  and  these  presented 
exactly  the  same  characters  as  those  taken  from  the  black  bottle, 
viz.,  they  were  small,  colourless  almost,  and  translucent.  During 
examination  they  escaped,  hence  of  their  future  nothing  can  be 
said. 

Considered  on  the  whole,  these  two  experiments,  I  think,  offer 
a  fair  presumption  that  light  in  some  way  or  other  affects  the 
pigmentation  of  these  flies ;  however,  in  order  to  speak  definitely, 
farther  experiments  are  necessary. 

Experiment  No.  3. 

This  was  undertaken  in  order  to  see  the  influence  of  tempera- 
ture on  the  transformation  of  larvse  into  pupse. 

On  the  9th  September  some  larvse  of  two  days  old  or  there- 
about, were  put  into  a  small  wooden  box  of  about  three  inches 
square,  together  with  some  food.  Some  more  of  the  same  larvaa 
were  likewise  placed  in  another  box  similar  to  the  one  above 
described,  and  in  addition  food. 

One  of  these  was  placed  in  the  window  of  my  laboratory,  the 
other  on  a  shelf  above  my  kitchen  fire.  The  average  tempera- 
ture of  the  laboratory  was  58°  F.  and  of  the  kitchen  79*  F. 

On  the  11th  the  larvae  in  the  kitchen  were  much  larger 
than  those  in  the  laboratory. 

On  the  13th  the  larvae  of  the  two  boxes  were  more  nearly 
alike  in  size,  but  those  in  the  kitchen  were  nearer  to  the  pupae 
condition,  as  shown  by  their  intestinal  canal  being  invisible,  and 
the  yellowish  hue  of  their  bodies.  Anyone  acquainted  with 
this  metamorphosis,  knows  that  when  these  last  two  conditions 
are  present,  the  pupa  form  is  not  far  off. 

On  the  14th  all  the  kitchen  larvae  had  become  pupae;  no  such 
change  in  those  of  the  laboratory. 
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On  the  15tb  no  ckauge  in  the  laboratory  larvae,  some  of 
which  were  pat  into  a  small  box  and  this  placed  on  the  kitchen 
shelf. 

On  the  night  of  the  19th  some  of  the  transferred  larvae 
became  pupae,  the  remainder  becoming  so  on  the  following  night, 
that  of  the  20th. 

On  the  night  of  the  21st  those  larvae  that  were  allowed  to 
remain  in  the  laboratory  were  transformed  into  pupae. 

This  experiment  thus  doubly  shows  that  an  increase  of 
temperature  hastens  the  metamorphosis  of  larvae  into  pupae. 

Experiment  No.  4. 

This  was  undertaken  in  order  to  see  what  would  be  the 
effect  of  an  increase  of  temperature  on  the  metamorphosis  of  the 
eggs  of  the  blow-fly  into  larvae. 

On  the  14th  of  September  forty-eight  eggs  of  the  blow-fly 
were  taken  from  the  mouth  of  a  dead  rat,  which  had  been 
exposed  at  the  noon  of  this  day,  hence  these  were  but  a  few 
hours  old.  The  liver  of  the  rat  was  divided  into  four  equal  parts, 
and  on  each  of  tbese  was  placed  twelve  of  the  eggs.  One  of 
these  pieces  was  placed  in  a  wide-mouthed  glass  vessel,  with  a 
cover  of  the  same  material,  another  in  a  small  wooden  match- 
box, and  this  wrapped  in  paper,  these  two  vessels  were  then 
placed  in  the  laboratory  window.  The  other  two  pieces  were 
placed  in  similar  vessels,  and  these  were  put  on  the  kitchen  shelf 
before  mentioned.  The  average  temperatures  of  these  situations 
were  much  like  those  detailed  in  the  last  case,  viz.,  the  laboratory 
58'  F.,  the  kitchen  79"  F. 

At  eleven  o'clock  on  the  morning  of  the  15th  the  eggs  placed 
in  the  kitchen  had  become  larvae ;  no  visible  change  appeared  in 
those  of  the  laboratory. 

At  eleven  o'clock  on  the  16th  the  laboratory  eggs  had  become 
larvae. 

This  experiment  then  shows  that  an  increase  of  temperature 
of  21"^  F.  produces  a  quicker  metamorphosis  of  these  eggs  into 
larvae  by  twenty-four  hours,  and  also  that  light  does  not  affect  it, 
the  transformation  taking  place  at  the  same  time  in  the  glass 
vessels  as  in  the  wooden  ones.  From  this  I  should  infer,  that 
in  hatching  eggs  with  the  hydro-incubator  there  is  found  to  be 


METAMORPHOSIS  OF  THE  BLOW-FLY.  159 

a  relation  between  the  rapidity  of  the  process  and  the  amount  of 
heat  employed. 

Experiment  No.  5. 

This  experiment  bears  on  the  same  point  as  No.  4,  viz.,  on 
the  effects  of  temperature  on  the  metamorphosis  of  the  blow- 
fly's eggs  into  larvse. 

At  six  o'clock  on  the  evening  of  the  22ud  September  the 
liver  of  a  rat,  which  had  been  exposed  from  11.30  A.M.  on 
the  same  day,  and  on  which  was  desposited  blow-fly's  eggs,  was 
divided  into  three  parts,  on  each  of  which  were  a  number  of 
eggs.  One  of  them  was  placed  in  a  small  wooden  vessel  about 
three  inches  square,  and  this  was  placed  in  the  kitchen  as 
before.  The  other  two  were  placed,  one  in  a  clear  glass  wide- 
mouthed  vessel,  the  other  in  a  small  wooden  box ;  both  these 
vessels  were  allowed  to  remain  in  the  laboratory.  The 
temperatures  of  these  situations  were  much  the  same  as  before. 

On  the  following  day,  the  23rd,  at  10.30  in  the  morning,  the 
kitchen  eggs  had  all  become  larvse,  no  change  in  those  of  the 
laboratory. 

On  the  24th,  at  twelve  o'clock  noon,  there  was  still  no 
change  in  the  laboratory  eggs,  but  at  four  o'clock  p.m.  all  had 
become  larvae.  It  is  here  worthy  of  remark  that  in  all  the 
previous  experiments  the  metamorphosis  were  completed  during 
the  night,  and  here  this  has  occurred  during  daylight. 

The  future  of  these  larvae  known  to  me  is,  that  on  the  28th 
those  kept  in  the  kitchen  left  their  dwelling  in  order  to  seek  a 
proper  place  wherein  to  become  pupae.  Here,  then,  an  occurrence 
took  place  in  five  days,  which  in  the  first  experiment  required 
thirteen  or  fourteen  days  to  accomplish.  Seeing  that  the  only 
diffierence  in  the  conditions  of  the  two  experiments  was  the 
higher  temperature  employed  in  the  latter,  it  is  therefore 
justifiable  to  infer  that  this  was  the  cause  of  the  more  rapid 
metamorphosis,  both  of  the  eggs  into  larvae,  and  of  these  into 
pupae.    Nothing  is  known  of  the  future  of  the  laboratory  larvae. 

ExperiTrtent  No.  6. 

This  was  an  attempt  to  produce  a  vegetable-eating  variety  of 
these  flies  by  placing  a  large  number  of  eggs  at  one  time,  and 


160  MR  JiVMES   DAVISON. 

at  another  larvse,  od  porridge,  made  from  Indian  meal.  Now,  T 
said,  some  of  these  might  be  peculiarly  organised^  and  subsist 
naturally  selected  in  their  struggle  for  existence.  However,  I 
was  disappointed,  as  they  all  died,  I  mean  they  larvae  in  frona 
eight  to  ten  days.  They  kept  crawling  about,  and  did  not 
increase  in  size.  I  thought  I  could  detect  some  of  the  porridge 
in  their  intestinal  canals;  of  this,  however,  I  am  not  certain. 
During  this  summer  I  purpose  repeating  all  these  experiments, 
and  perhaps  I  may  have  better  success  in  producing  a  vegetable- 
feeding  variety. 

Observations, 

Having  now  collected  some  facts  in  reference  to  the  metamor- 
phosis of  blow-flies,  it  might  be  well  to  endeavour  to  form  some 
theories  to  explain  them,  for  the  bringing  together  of  a  large 
number  of  facts,  though  in  itself  an  excellent  work,  falls  far  on 
this  side  of  tying  these  together  by  theories,  at  least,  so  says 
Buckle,  in  his  Civilisation  in  England,  So  far,  these  experi- 
ments, in  which  light  was  employed  as  a  medium,  show  that  it 
does  not  affect  the  primary  metamorphosis  of  the  egg  into  the 
larva ;  that  it  does  retard  the  metamorphosis  of  the  larvae  into 
pupae;  of  its  influence  on  the  further  transformation  into 
imagines  I  shall  say  nothing,  the  experiments  not  being  satis- 
factory, though  suggestive.  That  the  larvae  dislike  light  is 
further  shown  by  the  following  facts : — If  a  few  of  them  be 
taken,  and  placed  on  the  ground,  so  that  the  sun  can  shine 
on  them,  they  will  immediately  endeavour  to  escape  from  it  by 
burrowing  into  the  earth ;  if  unable  to  accomplish  this,  they  turn 
tail,  and  hurry  off  in  an  opposite  direction.  I  mean,  in  the 
direction  opposite  to  which  the  sun  then  is ;  shpuld  this  be  in  the 
south  they  go  north,  if  in  the  west  they  go  east.  Now,  if  any 
thing  be  placed  between  them  and  the  sun,  so  as  to  prevent  its 
rays  falling  on  them,  or  if  the  observer  himself  form  a  shade, 
they  will  move  towards  their  protector.  Again,  if  a  few  of  them 
be  placed  in  a  cylindrical  clear  glass  vessel,  and  this  laid  on  a  table 
near  a  lamp,  they  will  immediately  begin  to  crawl  about,  and 
finally  locate  themselves  in  a  heap  at  that  part  of  the  vessel 
furthest  removed  from  the  light.  If  this  vessel  be  then  turned 
round,  so  as  to  bring  them  again  nearest  to  the  light,  again  they 
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begin  to  crawl,  and,  as  before,  finally  settle  down  where  least  light 
reaches.  Even  in  this  heap  many  a  straggle  takes  place  for 
which  will  get  undermost,  and  away  from  the  influence  of  the 
persecuting  light.  Why  then  this  shunning  of  light  ?  As  we  see 
it  in  some  way  or  other  interferes  with  their  transformation  into 
pupae,  and  this  probably  is  the  cause  of  their  avoiding  it.  Is 
this  then  the  cause  of  those  phenonema  in  animals,  which  we 
term  instinct,  viz.,  that  by  acting  in  a  certain  way,  under  certain 
circumstances,  they  avoid  something  which  is  deleterious,  and 
attain  to  something  beneficial  to  them.  Nay,  might  it  not  be, 
in  these  useful  experiences  of  a  lowly  worm,  multiplied  and 
perfected,  as  we  go  upwards  in  the  animal  kingdom,  in  which 
we  are  to  find  the  germs  of  mankind's  duty,  which,  as  Immanuel 
Kant  says,  *'  worketh  neither  by  fond  insinuation,  flattery,  nor 
by  any  threat,"  but  for  the  benefit  or  good  of  himself,  and  of 
that  of  the  entire  human  race. 

Granted  that  light  is  harmful  to  these  larvae,  how  is  it  so  ? 
How  does  it  produce  its  deleterious  effects  ?  Looking  through 
the  entire  animal  and  vegetable  kingdom,  we  see  how  general  is 
the  principle  that  the  absence  of  light  is  necessary  to  the  first 
stipes  of  development  of  eitlicr  the  seed  or  ova.  See  the  dark- 
ness surrounding  the  embryo  of  mammalian  animals  in  their 
mothers'  womb;  the  same  is  produced  in  oviparous  animals, 
by  the  shells  of  their  ova,  and  intensified  by  their  parents  sitting 
on  them.  See  how  fishes  cover  up  their  ova  with  sand  and 
gravel,  probably  as  well  to  exclude  the  light  as  to  prevent  them 
being  swept  away  by  the  flood.  Then,  in  case  of  vegetables, 
the  seeds  and  roots  are  put  beneath  the  earth  before  germina- 
tion occurs ;  of  course,  in  these,  budding  may  take  place  before 
planting  or  sowing,  but  we  know  much  the  more  vigorously 
when  light  is  excluded.  Of  ova,  those  most  exposed  to  light, 
80  far  as  I  know,  are  frogs,  and  in  these  see  the  provision  made 
for  its  exclusion,  by  their  being  completely  surrounded  by  a 
pellicle  of  black  substance,  which  probably  entirely  prevents  its 
entrance.  This  black  substance  persists  in  the  process  of 
development  of  these  ova  into  tadpoles,  and  these  too  for  a 
considerable  time  retain  it.  It  might  be  mentioned  here  that 
those  black  pigment  cells  which  are  found  in  frogs  are  pro- 
bably the  remnants  of  this,  and  again  serve  to  reproduce  it  in 
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their  ova,  and  a  question  would  be  in  which  was  it  fiist  pro- 
duced ;  this,  however,  is  foreign  to  our  subject.  Enough  now 
has  been  said  in  order  to  show  the  utility  of  darkness  in  the 
primary  stages  of  development,  and  I  shall  now  endeavour  to 
give  a  reason  why  such  should  be  the  case. 

It  is  stated  in  Todd  and  Bowman's  Physiological  Anatomy^ 
that  eggs  during  their  incubation,  and  plants  during  their 
germination,  absorb  oxygen,  and  give  off  carbonic  acid  gas ; 
anything,  probably,  which  would  intensify  this  process  would 
increase  their  rate  of  development  Now  we  know  that  plants 
in  darkness  absorb  oxygen,  and  give  off  carbonic  acid  gas,  and 
might  not  this  also  increase  the  same  process  in  embryonic 
animals,  and  thereby  their  development.  Might  we  say,  then, 
that  darkness  proves  useful  in  development,  by  increasing  the 
rate  of  absorption  of  oxygen,  and  thereby  the  elimination  of 
carbonic  acid.  I  need  say  nothing  further  on  this  point. 
Experiments  should  first  be  made,  showing  the  influence  of  the 
absence  of  light  on  the  rate  of  oxygen  absorption  in  embryos. 
Had  I  the  necessary  apparatus,  I  should  endeavour  to  determine 
the  point.  The  converse,  however,  of  this  might  be  found  to  be 
true,  viz.,  that  the  rate  of  carbon  absorption  might  be  increased 
by  darkness,  and  not  that  of  oxygen.  After  all,  these  theories 
may  be  but  nonsense ;  however,  I  think  they  might  be  worth 
investigating. 

Are  we  to  account  for  the  cessation  of  development  and  death 
of  the  larvse  exposed  to  the  blue  rays  of  light,  by  saying  that  it 
interfered  with  their  absorption  of  oxygen,  ai^d  hence  the  result  ? 
Such  may  have  been  the  case,  but  as  I  only  made  one  experi- 
ment with  this  medium,  it  is  hard  to  say  whether  or  not  the 
same  would  occur  again.  In  further  experiments  on  this  part 
of  the  subject,  I  shall  employ  as  media  all  the  colours  of  the 
spectrum. 

I  shall  now  say  a  few  words  as  to  those  experiments  where 
heat  was  employed  as  a  medium,  and  offer  a  theory  as  to  how  it 
exerts  its  influence.  So  far  these  showed  that  heat  hastens  the 
metamorphosis  of  the  eggs  into  larvae,  the  growth  of  these,  and 
their  transformation  into  pupse.  I  did  not  test  its  influence  on 
the  final  change  into  imagines. 

The  beneficial  effects  of  heat  on  growth  are  general  and  well 
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known  both  in  the  animal  and  vegetable  kingdoms,  in  proof 
of  which  I  need  only  ask  any  one  to  compare  the  feria  and  fauna 
of  the  tropics  with  that  of  colder  regions,  and  see  their  greater 
size  and  luxuriance.  See  how  the  grass,  plants,  and  flowers, 
dormant  during  the  cold  of  winter,  shoot  forth  under  the  genial 
warmth  of  the  first  days  of  spring.  Dr.  Edwards  has  shown 
that  if  very  young  rabbits,  or  kittens,  be  removed  from  their 
mothers,  they  rapidly  cool  down  to  the  temperature  of  the 
surrounding  medium,  or  rather  to  within  a  few  degrees  of  it, 
whereas  previously  they  had  been  but  little  colder  than  their 
parenta  We  also  know  that,  in  case  of  animals  born  immature, 
in  order  to  keep  them  alive  it  is  necessary  that  they  should  be 
kept  very  warm«  However,  it  is  only  slaying  the  slain,  to 
give  more  evidence  as  to  the  beneficial  influence  of  heat  on 
development. 

These  eggs  and  larvse  underwent  their  metamorphoses  more 
rapidly  under  a  high  than  under  a  low  temperature.  Would  we 
be  justified  ip  inferring  from  this  that  animals  Uving  in  hot 
countries  pass  through  the  phases  of  their  lives  quicker,  and 
arrive  at  its  goal,  death,  sooner  ?  I  am  aware  of  but  one  fact 
bearing  on  this  point,  and  it  leads  me  to  believe  that  such  an 
inference  would  be  correct;  it  is  this,  women  in  warm  countries 
arrive  at  an  earlier  maturity,  and  I  should  like  to  know  if  this 
is  followed  by  an  earlier  decline  and  death. 

We  have  now  seen  how  useful  heat  is  in  the  growth  and 
development  of  plants  and  animals,  let  us  then  try  and  form 
some  theory  as  to  how  it  produces  these  beneficial  effects. 
Animal  heat,  we  know,  is  probably  produced  in  three  ways, 
the  chief,  of  course,  being  the  coming  in  contact  of  arterial  or 
oxygenated  blood  with  the  other  tissues,  causing  their  oxidation, 
the  friction  of  muscles,  and  by  the  ingestion  of  warm  foods  and 
liquids.  By  this  we  see  that  an  animal,  at  least  a  warm-blooded 
one,  in  order  to  keep  up  its  heat,  consumes  part  of  its  own  tissues. 
Suppose  we  keep  up  this  heat  from  without,  so  much  of  the  body 
will  not  then  be  consumed,  and  by  so  much  probably  will  it 
have  increased  in  size.  This  may  account  for  the  good  effects 
of  heat  in  the  growth  of  warm-blooded  animals,  but  does  not  do 
so  in  case  of  the  larvse  we  have  been  speaking  of,  nor  in  the 
case  of  any  other  cold-blooded  animal,  or  in  vegetables.    Now, 
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the  growth  of  any  organism  depends  on  two  factors,  or  rather 
the  relation  existing  between  them.    These  factors  are  the  amount 
of  matter  taken  in  and  the  amount  eliminated,  and  the  greater 
the  relation  the  taken  in  material  bears  to  the  given  out,  the 
greater  will  be  the  increase  in  the  size  of  the  organism.     Now, 
anything  which  increases  the  power  of  absorption  or  lessens 
that  of  elimination,  will  be  beneficial  to  growth.     Embryos  are 
chiefly,  at  first,  entirely  made  up  of  a  substance  called  proto- 
plasm, and  this  chemically  consists  of  oxygen,  nitrogen,  carbon, 
hydrogen,  with  varying  amounts  of  sulphur  and  phosphorus; 
the  increase   in  the  growth  of  these   would  depend  on  the 
amount  of  these  gases  and  simple  substances  taken  up.     Elimin- 
ation here  does  not  affect  the  process,  for  such  a  thing  to  any 
extent  does  not  occur  in  the  mother's  womb,  nor  at  any  time 
is  it  great  in  the  vegetable  kingdom.     Therefore,  I  should  cay 
that  heat  is  favourable  to  growing  organisms,  by  causing  them 
to  take  up  a  larger  quantity  of  oxygen,  carbon,  hydrogen,  and 
nitrogen.     It  probably  does  so  by  either  rendering  the  com- 
pounds containing  these  substances  more  unstable,  and  therefore 
more  easily  absorbable,  or  by  producing  such  changes  in  the 
organism  as  to  enable  it  to  take  up  a  larger  quantity  of  nutriment 
Here,  again,  experiment  will  be  necessary  to  show  the  powers 
of  absorption  and  elimination  of  organisms,  or  rather  their 
relative  powers  of  so  doings  when  placed  at  a  low  temperature 
and  when  placed  at  a  high  one,  and,  as  T  said  before,  want  of 
apparatus  prevents  me  endeavouring  to  show  this. 

Whence  arises  this  necessity  for  heat  and  darkness  in  de- 
velopment? Does  the  principle  of  heredity  offer  an  answer? 
Mr  Darwin,  in  his  work  on  the  Descent  of  Man,  endeavours 
to  show  that  those  cyclical  phenomena,  such  as  the  period 
of  gestation  in  mammals,  of  incubation  of  eggs,  and  the  duration 
of  fevers,  are  inherited  through  the  changes  produced  by  the 
tidal  waves  on  the  Ascidian  forefathers  of  the  present  animal 
world.  In  like  manner,  might  not  this  necessity  for  heat  and 
darkness  also  be  inherited  ?  Hence,  probably  two  of  the  .condi- 
tions of  birth  of  Haeckel's  moneron  were  heat  and  darkness. 
Finally,  does  not  this  demonstration  of  the  utility  of  darkness 
in  development  lend  support  to  the  eloquent  Huxley's  philo- 
sophical act  of  faith,  which  he  makes  in  his  ever  memorable 
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address  on  "  Biogenesis  and  Abiogenesis/'  Speaking  of  the  first 
appearance  of  life  on  earth,  he  says — '*  I  should  expect  to  see 
it  appear  under  forms  of  great  simplicity  endowed  like  existing 
fungi,  with  the  power  of  determining  the  formation  of  new 
protoplasm  from  such  matters  as  ammonium  carbonate,  oxalates, 
and  tartrates  alkaline,  and  earthy  phosphates,  and  water  without 
the  aid  of  light." 


ON  THE  SOURCES  AND  THE  EXCRETION  OF  CAR- 
BONIC ACID  AT  THE  LIVER.  By  J.  J.  Charles, 
M.D.,  F.R.U.L,  Professor  of  Anatomy  and  Physiology,  Queen's 
College,  Cork, 

Ik  a  paper  "  Oq  the  Gases  of  the  Bile/'  which  I  published  in 
this  Journal  in  1882,  I  put  forward  an  hypothesis  as  to  the 
probable  mode  in  which  albumen  might,  by  its  decomposition  at 
the  Uver,  produce  carbonic  acid.      I  there  assumed  that   a 
molecule  of  albumen  might  bo  supposed  to  combine  with  50 
molecules  of  water,  and  yield  8  molecules  of  urea,  7  of  glycogen, 
6  of  carbonic  acid,  7  of  oxygen,  and  1  of  sulphuric  acid.     The 
oxygen  would  not,  of  course,  remain  free,  but  might  enter  into 
combination  with  reduced  haemoglobin  or  other  substances.     In 
favour  of  this  assumption,  it  should  be  remembered  that  of  the 
18  atoms  of  nitrogen  in  a  molecule  of  albumen  (Cy2^ui^ijfiii^)i 
4  probably  belong  to  the  urea  group;  and  also  that  carbonic 
acid  has  actually  been  obtained  in  the  laboratory  from  albumen. 
Schiitzenberger  had,  a  few  years  previously,  advanced  an  hypo- 
thesis somewhat  similar  to  mine,  though  I  was  not  aware  of  it  at 
the  time  of  the  publication  of  my  paper.    He  assumes  that  100 
grammes  of  albumen  generate  first  35*5  grammes  of  urea,  and  the 
residue,  by  subsequently  combining  with  12*3  grammes  of  water, 
gives  origin  to  27*4  grammes  of  carbonic  acid  and  51*39  grammes 
of  fat.     He  has  further  shown  that  albumen  may  be  decomposed 
iuto  carbonic  acid,  ammonia,  and  certain  acids ;  and  he  believes 
that  the  carbonic  acid  and  ammonia  may  afterwards  combine  in 
the  body  under  the  influence  of  electrical  currents,  and  thus 
form  urea.    If  this  view  prove  correct,  some  of  the  carbonic  acid 
evolved  in  the  liver  would  not  leave  it  as  such,  either  by  the 
blood  or  the  bile,  and  would  not,  therefore,  appear  at  the  inner 
or  the  outer  surface  of  the  body  in  the  gaseous  form. 

We  can  readily  believe  in  the  albumen  of  the  tissues,  particu- 
larly the  muscular  and  the  nervous,  undergoing  these  chemical 
changes  during  its  metabolism,  and  so  account  for  the  carbonic 
acid  present  in  all  the  tissues,  and  for  the  urea  found  in  some  of 
them ;  but  it  is,  moreover,  probable  that  a  part  at  least  of  the 
primary  decomposition  products  of  the  albumen  may  be  yielded 
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np  by  the  tissues  to  the  blood,  and  thus  conveyed  directly  to  the 
liver,  where  the  decompositions  above  described  may  ensue. 
That  chemical  changes,  such  as  oxidations  and  decompositions, 
occur  to  a  large  extent  at  the  liver,  is  indicated  by  the  high  tem- 
perature of  the  blood  of  the  hepatic  vein,  as  well  as  by  the  great 
quantity  of  carbonic  acid  in  the  bile.  In  fact  there  can  be  no 
doubt  that  the  destruction  of  albuminous  material  is  most  active 
at  the  liver,  for  this  organ,  as  we  know,  contains  about  a  fourth 
of  the  total  blood  of  the  body — an  amount  equal  indeed  to  that 
in  the  muscular  system,  although  this  system  constitutes  at  lea^t 
half  the  normal  body  weight ;  besides,  there  is  to  be  found  in 
the  liver  a  great  number  of  nitrogenous  substances  intermediate 
between  albumen  and  urea,  such  as  leucin,  tyrosin,  xanthin, 
hypoxanthio,  uric  acid,  &c.  According  to  most  authorities,  also, 
there  is  more  urea  to  be  met  with  in  this  organ  than  in  any 
other  in  the  body,  many  physiologists  even  believing  that  the 
bulk  of  the  urea  formation  takes  place  hera  The  urea  certainly 
cannot  be  derived  from  the  blood  by  a  mere  process  of  filtration 
into  the  liver;  for  the  nervous  and  muscular  tissues,  which  do 
not  directly  produce  urea,  contain  little  or  none  of  it 

Not  only,  however,  may  albumen  be  decomposed  at  the  liver 
and  produce  carbonic  acid,  but  there  are  good  grounds  for 
believing  that  the  crystalline  indifferent  proteid — haemoglobin, 
which  is  a  higher  albumen  derivative,  is  broken  up  in  the  liver 
into  a  number  of  simpler  bodies — an  hypothesis  advanced  by 
Dr  Zuelzer  of  Berlin.^  The  following  equation  expresses  the 
decomposition : — 

2  hsemoglobin  ( -  Cya^Ui^^Te^fiii^)  +  S6U./)  + 1 280  -  lefi^  - 
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Or,  13-332  grammes  of  hsemoglobin,  with  the  necessary  water 
and  oxygen,  yield  2'486  grammes  of  carbonic  acid.     A  further 

^  Untersuehungen  liber  die  Semiologie  des  Harns,  Berlin,  1884. 
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decomposibion  of  a  smaller  proportion  of  haemoglobin  with  the 
formation  of  glycogen  (taking  glycogen  as  CgoHg^Ogg ;  Schtseher- 
bakoflf)  is  also  probable.     Thus — 

2  haemoglobin  ( -  Ci^Ui^l^^Fe^fi^)  +  501O  +  ISSHgO  -  FejO, + 6H^4- 
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Or,  13*332  grammes  of  haemoglobin  yield  0'572  gramme  of 
carbonic  acid  and  12*96  grammes  of  glycogen. 

Owing  to  the  destruction  of  red  blood-corpuscles  which  is  con- 
stantly occurring  in  the  spleen,  &c.,  a  considerable  quantity  of 
haemoglobin  in  solution  is  as  constantly  being  carried  to  the 
liver ;  and  if  this  is  borne  in  mind,  it  will  readily  be  perceived 
that  the  amount  thus  disposed  of  is  far  from  inconsiderabla  To 
give  an  idea  of  the  rate  at  which  old  red  corpuscles  are  de- 
stroyed, and  haemoglobin  at  the  same  time  set  free,  I  may  mention 
that  a  calculation  has  been  made  which  indicates  that  the  dura- 
tion of  the  life  of  a  red  corpuscle  is,  at  most,  about  thirty  days. 

Now,  whilst  it  must  be  admitted  that  some  of  the  chemical 
changes  I  have  described  as  taking  place  at  the  liver  are  to  a 
great  extent  hypothetical,  yet  there  can  be  little  doubt  that,  as 
Heidenhain  and  others  suppose,  albumen  in  some  form  is  de- 
composed in  the  cells  of  that  organ,  and  biliary  acids  and  pig- 
ments formed  in  the  same  cells  as  the  glycogen.  It  is  true  that 
these  two  processes  in  the  liver,  resulting  in  the  formation  of 
glycogen  and  bile,  though  both  are  attended  by  a  corresponding 
production  of  carbonic  acid,  differ  markedly  in  that  their 
periods  of  intensity  do  not  synchronise ;  and,  further,  in  that 
whilst  the  biliary  secretion  continues  during  starvation,  the 
formation  of  glycogen  ceases. 

The  amount  of  carbonic  acid  excreted  by  the  liver  is  very 
large.  In  the  bile  collected  directly  as  it  flowed  from  the  liver  of 
the  dog,  I  found  in  a  series  of  experiments  I  made  about  two  years 
ago  in  Bonn,  a  total  of  57  volumes  per  cent.^  of  carbonic  acid, 
14  per  cent,  of  which  was  evolved  in  vacuo,  while  the  remaining 

^  At  a  pressure  of  1  metre  and  a  temperature  of  0*  C. 
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41*7  per  cent  required  the  previous  additiou  of  pihosphoric  acid 
to  disengage  it;  nrhereas  of  oxygen  and  nitrogen  there  were 
onlj  traces.  That  this  proportion  of  carbonic  acid  is  very  great 
can  readily  be  undeistood,  when  it  is  stated  that  there  are  only 
34  vols,  per  cent  of  the  gas  present  in  the  arterial  blood  of  the 
dog,  and  46  vols,  per  cent  in  the  venous  blood  of  the  same 
animal  From  the  bile  of  the  rabbit — the  only  herbivorous 
animal  in  which  freshly  secreted  bile  has  up  to  the  present  been 
examined — I  obtained  a  total  of  109  vols,  per  cent  of  carbonic 
acid,  free  and  combined, — a  larger  proportion  than  has  yet  been 
discovered  in  the  fluids  of  any  animal — ^but  only  slight  traces  of 
oxygen  and  nitrogen. 

With  regard  to  the  possible  source  of  the  large  amount  of 
carbonic  acid  excreted  at  the  liver,  two  views  suggest  them- 
selves : — 

(a)  That  the  carbonic  acid  is  produced  in  the  different  tissues 
and  organs  of  the  body,  the  liver  included,  and  some  of  it  then 
passes  out  by  simple  diffusion  or  solution  from  the  portal  and 
hepatic  capillaries  into  the  bile  (as  may  occur  at  the  pleura  in 
lymph  exudations),  the  hepatic  cells  not  being  specially  con- 
cerned in  the  process ;  and 

(b)  That  in  addition  to  this  general  formation  of  carbonic  acid 
in  the  body,  there  is  a  special  production  of  the  gas  at  the  liver, 
owing  to  the  decomposition  in  the  hepatic  cells  of  such  bodies 
as  albumen  and  haemoglobin.  I  have  already  given  reasons  in 
support  of  the  latter  hypothesis.  Of  the  carbonic  acid  thus 
generated  in  the  liver,  part  will  enter  the  blood  and  a  larger 
quantity  the  bile,  particularly  if  this  fluid  is  alkaline ;  just  as 
the  carbonic  acid  formed  in  the  tissues  passes  off  from  them  in 
the  lymph  and  in  the  venous  blood,  but  a  greater  proportion  in 
the  latter,  because  it  exercises  a  stronger  chemical  attraction 
for  carbonic  acid.  The  amount  of  combined  carbonic  acid  in 
animal  fluids  or  secretions  depends,  as  a  rule,  on  their  reac- 
tion. If  the  secretion  be  alkaline,  more  of  the  tissue  carbonic 
acid  will  leave  the  body  by  that  fluid  than  by  one  less  alka- 
line, while  if  neutral,  or  particularly  if  acid,  scarcely  any 
combined  carbonic  acid  will  be  found  in  it  as  compared  with  the 
total  carbonic  acid  in  the  blood.     A  good  example  of  this  can  be 

observed  in  the  case  of  bile.    If  the  bile  of  a  dog  is  alkaline, 
VOL.  xix.  M 
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as  it  is  usually,  100  vols,  may  contain  57  vols,  of  carbonic  acid; 
while  if  acid,  there  may  be  in  100  vols,  only  6  vols,  of  the  same 
gas.  Urine,  again,  which  is  acid,  contains  only  14  vols,  per  cent 
of  carbonic  acid ;  while  in  alkaline  saliva,  there  may  be  present 
as  much  as  60  per  cent  But  in  herbivorous  animals,  in  which 
the  bile  is  more  alkaline  than  in  carnivorous,  there  is  a  propor- 
tionally larger  amount  of  carbonic  acid,  and  this  greater  richness 
in  the  gas  may  be  the  case  as  well  with  the  other  fluids  of  these 
animals,  though  this  has  not  yet  been  determined. 

Accordingly,  from  the  proportion  of  carbonic  acid  in  the  bile, 
it  would  be  unsafe  to  estimate  the  total  amount  of  carbonic  acid 
generated  in  the  liver ;  for  if  the  bile  formed  be  less  alkaline 
than  the  blood  flowing  away  from  the  liver,  the  greater  part  of 
the  carbonic  acid  will  probably  be  conveyed  away  by  its  means 
to  be  excreted  elsewhere.  I  am  not  aware  that  any  experiments 
have  been  made  as  to  the  relative  quantities  of  the  carbonic 
acid  in  the  blood  of  the  portal  and  hepatic  veins — an  exact 
knowledge  of  which  would  be  most  useful  in  our  present 
inquiry,  and  without  it  I  do  not  feel  myself  in  a  position  to  say 
more  on  this  subject. 


A  METHOD  OF  MACERATION;  Being  a  Desckiption  of 
THE  Method  in  use  at  The  Owens  College,  Man- 
CHESTEB.  By  A.  M.  Paterson,  M.B.,  CM.,  M.R.C.S.,  De- 
monstrator of  Anatomy  at  The  Owens  College,    (Plate  X.) 

L  Description  of  the  Boom  (fig.  1,  A). — ^The  Owens  College 
macerating  room  is  a  chamber  about  33  x  15  feet  in  area  and 
11  feet  in  height.  There  are  four  large  windows  along  one  side; 
on  the  other  side  are  three  windows  and  the  door.  The  floor 
is  of  concrete,  sloping  to  the  side  of  the  room  opposite  the 
door ;  and  along  this  side  is  a  gutter,  which  runs  from  the  ends 
downwards  to  the  centre.  In  the  centre  of  the  gutter  is  a  ^id 
connected  by  a  pipe  with  the  drain.  The  grid  is  so  constructed 
as  not  to  allow  of  the  passage  of  anything  larger  than  one  inch. 

The  present  building  has  been  in  constant  use  for  the  last  two 
years.  It  is  separated  entirely  from  the  Medical  School ;  while 
it  is  in  close  proximity  with  the  furnace  which  supplies  heat  to 
the  College  buildings  B. 

II.  Connections  to  the  J^^mac^.— The  relations  of  the  macer- 
ating room  to  the  furnace  building  are  important  -.-^firstly,  the 
latter  sapplies  the  steam  by  which  the  macerating  room  is 
heated.  The  tall  chimney  C  passing  up  from  the  furnace  close  to 
one  end  of  the  room,  is  connected,  secondly,  with  the  ventilating 
apparatus^  by  means  of  a  pipe  which  carries  the  out-going  air 
into  the  chimney  D;  and  thirdly,  with  the  cremating  chamber, 
a  pipe  £  between  the  chamber  and  the  chimney  acting  as  a 
chimney  for  the  former, — so  that  the  furnace  (1)  supplies  heat 
to  the  macerating  room  directly,  and  indirectly  (2)  removes  the 
foul  air,  and  (3)  the  products  of  cremation. 

IIL  Water  Supply. — ^There  is  a  large  tap  at  one  side  of  the 
room,  connected  by  a  1-inch  pipe  directly  to  the  main;  thus 
obtaining  the  full  force  of  water.  To  this  tap  a  large  hose  is 
attached,  capable  of  reaching  to  any  part  of  the  room.  A 
reserve  cistern  is  also  provided,  holding  about  a  cubic  yard  of 
water,  and  used  to  supplement  a  short  service,  as  it  is  incon- 
venient, in  time,  of  drought,  to  find  the  water  from  the  main  cut 
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off.  By  means  of  the  hose  the  tanks  and  the  sink  for  washing 
bones  are  filled ;  and  the  flushing  of  the  tanks  and  other  require- 
ments of  the  macerating  room  are  simply  and  conveniently  pro- 
vided for,  without  the  expense  and  complication  that  a  system 
of  pipes  and  taps  for  the  supply  of  cold  water  would  cause. 
There  is  no  hot  water  laid  down. 

IV.  Heating  Apparattts  (fig.  1,  F). — The  heating  of  the  room 
is  effected  by  means  of  steam  pipes.  Two  3-inch  pipes  pass 
round  the  room  beneath  the  windows.  These  are  connected  by 
another  pipe  with  the  boiler,  which  provides  the  heat  for  the 
College^  and  lies  in  the  furnace  room  adjacent  The  amount  of 
heat  is  regulated  by  a  wheel  which  opens  or  closes  a  valve  in 
the  eatrauce  pipe.  Thus  the  desired  quantity  can  always  be 
got;  a  temperature  of  60''-70*'  is  maintained  in  both  summer 
and  winter. 

Hot  water  can  be  obtained  in  the  sink  (fig.  2)  at  any  time 
by  means  of  an  arrangement  connected  with  the  heating 
apparatus.  (It  is  often  necessary  to  wash  bones,  and  hot  water 
is  preferable  to  cold  for  that  purpose.)  The  sink  stands 
beneath  the  upper  of  the  steam  pipes  which  pass  round 
the  room.  Into  the  sink  hangs  a  T-shaped  tube,  branching 
off  from  the  main  pipe,  and  closed  by  a  stop-cock  placed  in 
the  vertical  portion.  The  cross-bar  of  the  T  is  perforated  with 
holes.  When  required  for  use  the  stop-cock  is  turned,  allowing 
the  steam  to  work  through  the  perforations  into  the  cold  water 
in  the  sink,  and  thus  providing  any  temperature  of  water 
whenever  necessary. 

V.  Ventilation, — The  ventilation  of  the  macerating  room  is  as 
nearly  perfect  as  it  is  possible  to  have  it  in  a  building  of 
this  kind.  There  is  no  smell.  At  one  end  of  the  room,  near  the 
floor,  is  a  large  grid  (fig.  1,  G),  closed  by  a  metal  flap ;  at  the 
other  end,  near  the  roof,  are  three  smaller  ones  H,  shut  off 
in  the  same  way.  From  the  latter  a  large  pipe  conducts  air 
from  the  macerating  room  into  the  furnace  chimney.  When  the 
flaps  of  the  grids  are  opened,  the  air  enters  by  the  large  grid  near 
the  floor,  creates  a  strong  draught  throughout  the  room,  and, 
passing  out  through  the  small  grids,  is  conducted  by  the  pipe  into 
the  chimney.  The  connection  with  the  chimney,  by  means  of 
the  hot  air  which  passes  up  it  from  the  furnace,  causes  the  foul 
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air  from  the  macerating  room   to  be  sacked  out  through  the 
pipe. 

Besides  this  contrivance,  which  works  admirably,  the  cre- 
mating chamber,  when  in  nse,  assists  in  ventilating  the  room  by 
exhausting  the  air.  In  summer  time,  also,  the  windows  are 
utilised. 

YI.  Tanks. — ^The  tanks  have  been  a  source  of  considerable 
difBcuIty.  At  Owens  College  tanks  of  slate,  lead,  zinc,  and 
earthenware  have  been  tried  at  different  times. 

(a)  Slate  tanks  were  in  use  before  the  new  building  was 
erected.  The  great  objection  to  them  was  that  they  blackened 
the  bones  in  the  process  of  maceration. 

{b)  A  large  tank  of  lead  in  the  present  room  has  the  same 
fault.  The  fluid  becomes  inky,  and  stains  the  bones  and 
the  tank-walls,  besides  any  painted  wood,  &c.,  with  which  it 
comes  in  contact.  This  black  material  (sulphide  of  lead)  perme- 
ates the  bones,  and  adheres  so  closely  to  the  tank-walls,  &c.,  as 
to  render  the  cleansing  of  the  tanks  and  the  proper  maceration 
of  bones  impossible. 

(c)  Becently  a  zinc  tank  has  been  introduced,  modelled  after 
the  design  of  the  macerating  tanks  in  use  at  Graz.  The  whole 
tank  is  of  zina  The  lid  is  provided  with  a  rim  of  the  same 
metal,  which,  when  the  lid  is  down,  fits  into  a  narrow  gutter 
running  round  the  top  of  the  tank.  When  the  tank  is  in  use  this 
gutter  is  filled  with  water,  consequently,  the  lid  being  down,  no 
disagreeable  smell  escapes  from  within.  The  tank  is  emptied  by 
a  large  tap  placed  near  the  bottom.  As  in  the  case  of  other 
metal  tanks  the  zinc  takes  in  a  crust  of  sulphide,  but,  this  being 
white,  does  not  discolour  the  bones,  and  does  not  seem  to  inter- 
fere vrith  successful  maceration.  The  great  objection  to  the  zinc 
tanks  is  their  expense.  The  one  described,  with  a  cubic  area  of 
about  2^  feet,  cost  £5. 

(d)  Large  enamelled  earthenware  jars  have  been  found 
to  make  the  best  medium  for  maceration.  Large  "  crocks  "  are 
generally  used  at  Owens  College,  and  have  many  advantages 
over  other  materials.  They  are  eminently  clean — being  coated 
with  enamel  inside,  and,  for  the  most  part,  outside  as  well. 
This  prevents  any  soaking  of  fluid  into  the  earthenware.  They 
are  scoured  most  easily,  and  serve  all  the  ordinary  purposes  of 
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macerating  tanks  more  efficiently  than  any  other  material.  The 
one  objection  to  them  is,  that  in  the  case  of  the  largest  animals* 
they  are  too  small  In  such  emergencies  the  lai^er  metal 
or  slate  tanks  have  to  be  employed.  This  is  only  a  secondary 
defect,  as  the  largest  animals  do  not  appear  too  often. 

In  connection  with  these  earthenware  tanks  may  be  mentioned 
the  troughs  now  being  made  for  feeding  cattle  (out  of  a  strong, 
coarse,  white  pot).  These  are  lai^ger  than  the  "crocks"  usually 
made,  and  would  probably  serve  the  purpose  even  better.  They 
have  not  yet  been  tried  at  the  Owens  College. 

It  is  necessary  to  say  that  lead  is  sometimes  used  in  the  glaz- 
ing of  the  earthenware  tanks.  Such  enamelled  jars  should  be 
avoided.  The  sulphuretted  hydrogen  evolved  in  maceration  com- 
bined with  the  lead,  and  produces  the  same  effects,  by  means 
of  the  sulphide,  as  in  the  case  of  the  leaden  tanks,  making 
such  "crocks"  unfit  for  use,  as  the  bones  become  blackened. 

VIL  Flushing  of  the  Tank8,'^Th\&  is  effected  by  means  of  the 
india-rubber  hose  mentioned  above.  The  pot  tanks  have  this 
advantage,  that  they  especially  admit  of  flushing  in  a  very  simple 
and  effectual  manner.  A  stream  of  water  is  directed  by  the 
hose  into  a  "  crock,"  the  top  of  which  is  covered  by  a  sieve  of 
perforated  zinc.  The  fluid  from  the  overflowing  "  crock  "  then 
passes  through  the  siev^e,  and  over  the  sloping  floor  to  the  gutter, 
by  which  it  is  directed  to  the  drain.  Having  set  this  arrange- 
ment in  working  order,  Mr  Hardy,  the  curator,  is  able  to  leave 
the  room  while  the  water  in  the  "  crock "  is  being  changed, 
allowing  for  ventilation  and  the  necessary  time  for  the  water  to 
be  thoroughly  renewed.  He  comes  back  to  find  the  "  crock  " 
filled  with  pure  water,  while,  on  account  of  the  presence  of  the 
sieve,  the  smallest  of  the  bones  are  retained.  The  unwholesome 
smell  caused  by  the  agitation  of  the  macerating  material  is  by 
this  means  avoided,  as  well  as  the  emptying  of  tanks  by  taps, 
and  necessary  renewal  of  water.  At  the  same  time  the  flushing 
of  the  tanks  is  effectively  performed.  The  bad  smell  in  the 
process  of  cleaning  the  tanks  was  found  to  be  very  objectionable. 

VIII.  CremcUing  Chamber  (fig.  1,  K). — This  is  an  oven 
built  in  the  wall  of  the  macerating  room,  and  communicating, 
as  before  stated,  with  the  chimney  of  the  furnaca  The  dimen- 
sions of  the  chamber  are  about  3x1^  feet  and  2  feet  higL    The 
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process  of  cremation  is  simple  and  expeditious ;  the  flesh,  being 
Btripped  from  the  bones  as  far  as  possible,  is  placed  in  the  oven 
in  layers,  each  layer  of  flesh  alternating  with  one  of  red  hot 
coals.  The  connection  of  the  chimney  of  the  chamber  (E)  with 
that  of  the  furnace  creates  a  strong  draught,  allowing  the  flesh 
of  the  largest  animal  to  be  completely  destroyed  in  one  hour. 
The  benefit  of  this  arrangement  is  obvious.  All  the  carcase  is 
disposed  of  on  the  premises.  There  is  no  carting  away  of  stinking 
flesh ;  everything  is  done  on  the  spot,  and  that  cleanly  and 
effectually,  without  the  offensiveness  that  any  other  mode  of 
removal  would  cause.  The  idea  of  .a  cremating  chamber  was 
borrowed  from  Professor  Huzley's  establishment  at  South  Ken- 
sington. 

IX  Process  of  Maceration. — Under  these  conditions  the  whole 
process  of  maceration  is  highly  satisfactory.  It  is  both  rapid 
and  complete.  An  animal  is  brought  in  and  flayed.  The  flesh 
is  then  subjected  to  cremation ;  and  the  skeleton,  being  cleaned 
as  far  as  possible,  is  placed  in  one  of  the  macerating  tanks.  If 
the  animal  is  large,  the  limbs,  ftc.,  are  separated  from  other 
parts,  and  the  skeleton  reduced  to  a  convenient  size  for  immer- 
sion. The  tank  is  flushed  from  time  to  time  in  the  manner 
described,  and  after  a  certain  interval  an  excellent  skeleton  is 
obtained.  In  summer  time  the  process  is  sometimes  inconveni- 
ently rapid,  causing  skeletons  to  accumulate  in  Mr  Hardy's 
hands.  Carnivores,  it  is  found,  require  a  time  for  maceration 
four  times  as  long  as  that  necessary  for  vegetable  feeders, 
in  order  to  procure  a  good  skeleton.  For  instance,  a  jaguar 
recenUy  required  four  months,  while  a  zebra  took  exactly  a 
month. 

Before  concluding  this  account  of  maceration  as  performed  at 
^e  Owens  College,  it  is  necessary  to  refer  to  accounts  which 
have  been  published  of  two  other  methods  of  maceration. 

(a)  In  the  Journal  qf  Anatomy  and  Phyiiology^  Professor 
3trutbers  has  described  the  mode  adopted  by  him  in  Aberdeen. 
His  method  presents  several  marked  differences  from  the  one 
described  abova 

Firstly. — Large  wooden  tanks  are  used 

Secondly. — The  heating  apparatus  consists  of  an  arrangement 

»  VoL  xyiii,  1883,  p.  i9. 
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of  pipes,  containing  hot  water,  and  passing  into  the  interior 

of  the  tanks. 
Thirdly, — The  flushing  of  the  tanks  is  provided  for  by  a 

system  of  pipes  and  taps. 
(b)  In  His  and  Braune's  Archiv  for  1877/  Professor  Planer 
describes  the  elaborate  arrangements  for  maceration  used  at  the 
Anatomical  Institute  at  Graz.    The  tanks  are  of  zinc,  similar  in 
essential  points  to  the  one  described  above,  but  more  elaborate 
on  account  of  the  accessory  fittings  for  the  carrying  off  of  foul 
gasses,  and  for  the  supply  and  renewal  of  water.    The  heating 
apparatus  is  most  complicated.    A  pipe  brings  a  supply  of  cold 
water;  this  pipe  bifurcates,  one  stream  passing  to  a  boiler  to  be 
heated,  the  other  to  the  tanks.    The  boiler  is  heated  by  gas,  the 
hot  water  passes  from  it  by  a  pipe  which  gives  off  a  branch  to 
each  tank.    This  branch  is  joined  by  a  similar  one  from  the 
cold  water  pipe,  so  that  the  hot  and  cold  water  are  mixed  together 
before  reaching  the  tanks.    The  mixed  stream  then  enters  the 
tank  near  the  bottom ;  near  the  top  of  the  tank  is  a  complicated 
valve,  which  allows  the  superfluous  water  to  flow  away.    There 
is  also  a  tap  near  the  bottom,  for  the  purpose  of  emptjring  the 
tank  when  necessary.    This  arrangement  for  blending  the  hot 
with  the  cold  water  is  for  the  purpose  of  keeping  an  equal  tem* 
perature  in  the  supply  of  warm  water  in  the  tanks.    But  this 
is  not  all.    Passing  from  the  lid  of  each  tank  is  a  tube,  com- 
municating by  one  end  with  the  air  inside  the  tank,  at  the  other 
end  with  a  larger  tube,  which  passes  through  the  room  in  a  slant- 
ing direction ;  it  opens  into  the  outer  air  near  the  floor  at  one 
end,  near  the  roof  at  the  other.    At  the  upper  end,  its  mouth 
opens  into  a  chamber  in  which  a  gas  flame  burns.    This,  by 
exhausting  the  air  in  the  lai^e  tube,  is  supposed  to  withdraw  the 
foul  gases  from  the  tanks,  and  to  provide  for  their  ventilation. 
These  elaborate  arrangements  may  be  successful  in  operation, 
but  simpler  systems  are  found  to  be  quite  as  effective ;  and* 
moreover,  it  is  obvious  that  the  enormous  cost  of  fitting  up  such 
a  macerating  room  with  gas,  boiler,  hot  and  cold  water  pipes, 
and  a  sufficient  number  of  zinc  tanks,  would  be  enough  to  make 
the  system  impracticable. 

^  Planer,  "  Aus  der  Anatomischen  Anstalt  in  Oraz/*  Archiv  fur  AwUomU  und 
PhyHohgie,    Anatomische  Abtheilung/Leipsig,  1877,  p.  278. 
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The  method  of  heating  by  means  of  steam ;  the  use  of  en- 
amelled earthenware  tanks,  and  the  simple  and  convenient 
means  by  which  they  may  be  flashed ;  the  admirable  system  of 
ventilation ;  and  the  process  employed  for  the  disposal  of  the 
soft  parts  in  situ  by  means  of  cremation ;  are  the  chief  points  in 
which  the  macerating  room  at  the  Owens  College  claims  to 
excel,  and  on  which  its  efficiency  depends ;  an  efficiency,  which, 
I  should  state  in  conclusion,  is  entirely  due  to  the  exertions  of 
Professor  Morrison  Watson.  It  was  he  who  devised  the  scheme, 
and  it  was  under  his  directions  that  it  was  elaborated. 


EXPLANATION  OF  PLATE  X. 

Fig.  1. — Semi-diagrammatic  sectional  view  of  macerating  room 
and  boiler  house.  A,  Macerating  room ;  B,  boiler ;  C,  shaft  from  fur- 
nace ;  K,  cremating  chamber ;  £,  chimney  of  same  entering  shaft ;  G, 
grid  for  admission  of  air ;  H,  grid  for  esdt  of  air ;  D,  pipe  conducting 
outgoing  air  into  shaft ;  F,  steam  pipe  passing  from  boiler  and  divid- 
ing into  two,  which  pass  all  round  room. 

Fig.  2. — Showing  arrangement  for  heating  water  by  steam  in  the 
sink  A.  The  steam  pipes  are  B  and  C,  and  the  T-shaped  pipe  is 
shown  projecting  down  into  the  sink. 


FLOATING  KIDNEY.    By  David  Hupburn,  M.B..  M.R.C.S. 

■ 

Eng.,  Demonstrator  of  Anatomy,  UnivtrsiUy  of  Edinhirgh, 

The  following  appearances  were  observed  on  opening  the 
abdominal  cavitj  of  a  female  sabject  in  the  practical  anatomjr 
room  of  the  University  :— 

The  liver  extended  1  inch  beyond  the  free  border  of  the  ribs 
at  the  level  of  the  ninth  costal  cartilage.  Projecting  from  under 
cover  of  the  liver,  a  large  body  of  a  flattened  ovoid  shape  was 
seen,  and  it  reached  to  within  3j^  inches  of  the  right  pubic  spine* 
Transversely,  it  passed  to  within  half  an  inch  of  the  mesial  plane. 
Its  long  axis  was  directed  downwards  end  inwards  from  right 
to  left,  and  measured  6  inches.  Its  greatest  breadth  was 
3  inches. 

On  further  examination  this  body  was  found  to  be  the  right 
kidney  occupying  a  very  abnormal  position. 

I  directed  the  attention  of  Professor  Turner  to  the  abnormality, 
and  at  his  request  I  made  a  careful  examination  of  the  position 
and  relations  of  this  displaced  organ. 

(a)  Position, 

The  kidney  rested  upon  the  posterior  abdominal  wall, 
and  occupied  portions  of  the  umbilical  and  right  lumbar 
regions.  Its  lower  extremity  overlapped  the  right  common  iliac 
artery  and  vein.  Although  not  possessing  a  meso-nephron,  its 
attachments  nevertheless  admitted  of  a  considerable  range  of 
movement  in  all  directions.  Thus,  on  being  grasped  by  the 
hand,  it  could  be  freely  raised  from  the  posterior  abdominal  wall 
for  a  short  distance;  whilst,  both  laterally  and  vertically,  it 
could  be  displaced  for  several  inches.  It  could  not  be  forced  to 
occupy  what  would  have  been  its  normal  position. 

(6)  Relations. 

1.  To  Intestine, — ^The  stomach  occupied  the  left  hypochon- 
driac region,  and  the  pylorus  lay  at  a  point  1\  inches  internal  to 
the  lower  border  of  the  eighth  right  costal  cartilage. 

From  the  pylorus  the  duodenum  passed  to  the  right  for 
a  distance  of  2  inches,  when  it  came  in  contact  with  the  left 
side  of  the  gall  bladder  and  the  upper  or  left  border  of  the  kidney. 
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It  immediately  tamed  downwards  and  to  the  left,  and  croased 
the  mesial  plane  obliquely,  appearing  in  the  left  iliac  fossa  close 
to  the  sacral  promontory.  In  this  part  of  its  course  it  passed 
underneath  the  transverse  colon,  the  root  of  the  transverse 
mesocolon,  and  the  superior  mesenteric  vessels,  keeping  close 
to  the  left  or  lower  extremity  of  the  kidney.  From  the  left  iliac 
fossa  the  duodenum  turned  abruptly  upwards  for  a  distance  of 
two  inches  in  the  vertical  direction. 

Here  it  again  made  a  sudden  turn,  this  time  to  the  right,  and 
then  it  became  continuous  with  the  jejunum. 

The  course  of  the  duodenum  from  the  pylorus  to  its  junction 
with  the  jejunum  might  therefore  be  said  to  somewhat  resemble 
the  figure  six  (6).  Besides  this,  the  last  part,  namely,  that  which 
turned  upwards  from  the  iliac  fossa,  was  supported  by  a  tri- 
angular slip  of  tissue — *'  the  muscle  of  Treitz'' — fully  2  inches 
in  length,  having  its  apex  directed  upwards,  and  its  surfaces 
light  and  left  The  base  was  1  inch  in  breadth  and  was  attached 
to  the  bowel 

This  last-mentioned  part  of  the  duodenum  is  worthy  of 
special  notice,  for  it  seems  to  be  an  exaggerated  form  of 
a  cpndition  which  is  normally  present,  though  only  to  a  slight 
extent  Thus,  normally,  as  may  be  seen  from  Dr  Bruce 
Young's  description,^  there  is  always  a  slight  upward  turn  at  the 
point  where  the  duodenum  inrns  forwards  to  join  the  jejunum, 
and  there  it  is  supported  by  a  band  of  fibrous  material  descend- 
ing from  the  left  cms  of  the  diaphragm  and  the  tissue  around  the 
coeliac  axis.  According  to  Treitz,  plain  muscular  fibres  come 
from  both  these  sources  to  the  duodenum.^ 

Another  interesting  feature  in  the  case  under  consideration  is 
the  direction  of  the  commencement  of  the  jejunum  which  was 
to  the  right  instead  of  to  the  left,  as  in  normal  cases. 

Nothing  further  worthy  of  note  was  observed  in  the  small 
intestine.  The  ileum  joined  the  csecum  in  the  right  iliac  fossa 
as  usual 

The  colon,  instead  of  ascending  from  the  csBCum  to  the  under 
surface  of  the  liver,  and  there  making  its  hepatic  flexure,  passed 
at  once  towards  the  left  hypochondrium,  crossing  over  and  being 

^  An  Abnormal  Disposition  of  the  Colon,  this  Joumal,  Oct.  1S84. 
'  Vidfi  QyAin'a  AnaUnnj/,  9th  ed.,  vol.  ii.  p.  010. 
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attached  to  the  anterior  aspect  of  the  kidney,  by  peritoneum, 
forming  a  short  mesocolon,  which  was  continuous  with  the 
meso-caecum.  The  ascending  and  transverse  portions  of  the 
colon  had  the  same  direction,  i.e.,  oblique.  They  formed  a  loose 
coil  along  the  lower  border  of  the  stomach.  At  the  inferior 
extremity  of  the  spleen,  the  colon  made  its  splenic  flexure,  and 
thereafter  descended  to  the  left  iliac  fossa. 

The  sigmoid  flexure  had  a  shorter  mesentery  than  usual 

The  gall  bladder  was  almost  empty,  and  projected  from  under- 
neath the  liver,  occupying  the  angle  formed  by  the  commence- 
ment of  the  duodenum  and  the  kidney,  and  overlapping  the 
latter.  The  right  lobe  of  the  liver  also  overlapped  the  kidney 
for  about  2  inches. 

2.  To  Peritoneum. — In  a  normal  condition,  the  peritoneum 
investing  the  caecum  and  ascending  colon  may  be  looked  upon 
as  leaving  these  viscera  on  their  lateral  aspects ;  but  in  this  case, 
owing  to  the  altered  position  and  direction  of  these  organs,  the 
peritoneum  may  be  said  to  leave  their  upper  and  lower  surfaces. 
Now,  on  following  the  peritoneum  upwards  and  downwards,  from 
that  part  of  the  mesocolon  lying  upon  the  anterior  surface  of 
the  kidney,  it  was  found  to  be  distributed  in  this  manner : — 

Upwards,  it  passed  from  the  mesocolon  over  the  anterior 
surface  of  the  kidney  to  its  upper  border,  from  whence  it  was 
continued  on  the  posterior  abdominal  wall  to  the  under  surface 
of  the  liver  on  which  it  was  reflected,  to  assist  in  forming  its 
right  coronary  and  right  lateral  ligaments.  The  same  layer,  when 
traced  to  the  right,  at  the  level  of  the  kidney,  became  continuous 
with  the  peritoneal  lining  of  the  anterior  abdominal  wall ;  when 
traced  to  the  left,  at  its  upper  part,  it  became  continuous  with 
the  posterior  lining  of  the  foramen  of  Winslow ;  while  at  its 
lower  part  it  passed  over  the  commencement  of  the  duodenum 
to  the  anterior  surface  of  the  stomach. 

Downwards,  it  passed  from  the  mesocolon  over  the  anterior 
surface  of  the  lower  half  of  the  kidney,  and  became  continuous 
with  the  peritoneal  investment  of  the  caecum  and  iliac  fossa ; 
while,  when  traced  to  the  left,  it  was  continued  over  the  anterior 
aspect  of  the  superior  mesenteric  vessels. 

The  ileo-colic  artery,  invested  by  a  fold  of  peritoneum,  curved 
outwards  in  close  relation  to  the  lower  border  of  the  kidney. 
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The  peritoneum  coald  be  readily  stripped  off  the  surface  of 
the  kidney,  which  showed  numerous  cysts,  varying  in  size  from 
a  small  marble  downwards.  These  did  not  form  projections  on 
the  surface  of  the  kidney,  and  were  quite  flaccid. 

A  small  quantity  of  fat  and  areolar  tissue  intervened  between 
the  under  surface  of  the  kidney  and  the  psoas  muscle. 

The  hilus  was  directed  upwards  and  inwards  towards  the 
mesial  plane. 

The  relative  position  of  the  structures  entering  the  hilus  was, 

vein,  artery,  ureter,  from  before  backwards,  although  one  small 

branch  of  the  renal  artery  passed  into  the  hilus  behind  the  ureter. 

The  right  renal  vein  measured  2  inches  in  length,  and  joined 

the  inferior  vena  cava  at  a  very  acute  angle. 

The  right  spermatic  vein  j  oined  the  inferior  vena  cava  on  its 
anterior  aspect. 

The  right  renal  artery  descended  to  the  kidney  in  a  very 
oblique  manner.  It  measured  3  inches  in  length,  and  occupied 
its  proper  position  between  the  vein  and  ureter. 

The  meter  emerged  from  the  posterior  aspect  of  the  hilus,  and 
passed  downwards  towards  the  pelvis,  under  cover  of  the  lower 
part  of  the  kidney,  and  lying  posterior  to  the  renal  artery.  From 
its  point  of  emergence  from  the  hilus  until  it  crossed  the  external 
iliac  artery,  the  ureter  was  slightly  dilated  and  tortuous,  and 
measured  5  inches,  while  the  actual  distance  between  these  two 
points  was  only  3  inchQ3. 

The  case  j  ust  described  is  another  instance  of  that  interesting 
condition  which  is  variously  designated  by  the  terms  displaced, 
movable,  or  floating  kidney, — terms  indicating  different  degrees 
of  the  same  abnormality.  It  was  first  described  by  M.  Eayer^ 
in  1841,  and  since  then  it  has  attracted  a  considerable  share  of 
attention. 

Some  observers  have  doubted  the  existence  of  this  condition, 
and  not  unnaturally,  for,  if  its  occurrence  were  so  common  as 
some  physicians  would  lead  us  to  believe,  from  the  frequency 
with  which  they  diagnose  it,  then  displaced  or  floating  kidneys 
ought  to  be  no  rarity  in  the  dissecting-room.  However,  such  is 
not  the  case.  On  the  contrary.  Professor  Turner,  whose  experi- 
ence in  teaching  anatomy  extends  over  a  period  of  thirty  years, 

1  Bayer,  TraiU  de$  Maladies  dea  Beins,  t.  iii.,  p)).  783-801. 
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informs  me  that  the  specimen  which  constitutes  the  subject  of 
the  present  notice  is  the  onlj  one  he  has  ever  seen. 

Indeed,  only  so  recently  as  last  summer,  in  the  course  of  a 
lecture  to  his  demonstratiou  class,  he  took  occasion  to  remark 
that  he  doubted  if  this  condition  were  so  common  as  some  sap- 
posed,  considering  the  rarity  of  autopsies. 

On  the  other  hand,  in  cases  where  a  diagnosis  made  daring 
life  has  been  followed  by  a  'post-mortem  examination,  the  accuracy 
of  the  diagnosis  has  not  always  been  verified.  Indeed,  in  one 
remarkable  instance,  which  for  seven  years  had  been  regarded  as 
a  floating  kidney,  the  post-Tnortevn,  revealed  a  fibrous  tumour  of 
the  uterus. 

When  such  errors  have  occurred  even  at  the  hands  of  dis- 
tinguished physicians,  and  in  view  of  the  possibility  of  their 
recurrence,  only  those  cases  which  have  been  corroborated  by 
subsequent  autopsies  should  be  accepted  as  authentic  instances 
of  floating  kidney. 

If  the  recorded  instances  of  this  abnormality  are  thus  divided 
into  two  groups, — one  in  which  autopsy  followed  the  diagnosis, 
and  another  in  which  it  was  not  so  substantiated, — we  find  that 
the  former  group  is  very  small  as  compared  with  the  latter.  In 
an  elaborate  article  on  floating  kidney  by  M.  Fritz,^  there  is 
given  a  rSsumi  of  no  lees  than  thirty-five  cases,  but  he  only 
quotes  one  or  two  autopsies,  and  remarks  "  that  the  autopsies  I 
have  been  able  to  study  have  not  supplied  me  material  of  a  use- 
ful kind."  Nevertheless,  the  existence  of  this  abnormality  has 
been  placed  beyond  dispute  by  former  reports  of  cases  which 
have  appeared  from  time  to  time,  and  specially  by  the  report  of 
a  committee  appointed  by  the  Pathological  Society  of  London  in 
1876  to  investigate  this  subject*  In  many  cases  the  condition 
has  been  recognised  for  the  first  time  on  the  dissecting-table, 
and  very  often  there  has  been  no  previous  history  pointing  to 
the  probability  of  a  floating  kidney.  In  the  present  instance, 
from  the  circumstances  of  its  discovery,  it  was  not  possible  to 
obtain  any  history.  When  we  compare  it  with  those  already 
recorded  some  noteworthy  peculiarities  are  manifest 

The  most  striking  difference  is  the  coincident  displacement  of 

^  Arehivea  OhUraX.  de  Med,,  1869,  pp.  158  and  301. 
>  Trans,  Path,  Soe.  Land,,  187e. 
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the  intestine,  namely,  the  blending  together  of  the  ascending 
and  transverse  portions  of  the  colon,  and  the  oblique  position 
they  occupy,  together  with  the  arrangement  of  the  duodenum. 

Sach  a  coincidence  is  not  new,  however,  for  M.  Rayer  ^  remarks 
that  displacement  of  the  kidneys  sometimes  accompanies  dis- 
placements of  the  intestines  or  uterus,  but  this  has  been  noted 
in  very  few  cases*  Br  Moxon  *  records  a  case  in  which  it  is 
stated  that  *  the  colon  allowed  it  (the  kidney)  to  come  into  view 
by  forming  a  renal  flexure  rather  than  an  hepatic." 

Mr  Durham  '  mentions  an  instance  in  which  "  the  descending 
colon  formed  no  sigmoid  flexure  in  the  left  iliac  fossa,  but  passed 
across  the  last  lumbar  vertebra  and  entered  the  pelvis  on  the 
right  side  of  the  sacrum."  In  this  case  the  left  kidney  was 
movahla 

In  none  of  the  records  which  I  have  read  was  there  any  men- 
tion of  displacement  of  the  duodenum,  and,  with  the  exception 
of  the  cases  above  quoted,  the  position  of  the  intestines  does  not 
seem  to  have  called  for  special  notice. 

I  would  next  direct  attention  to  the  disposition  of  the  peri- 
toneum over  the  surface  of  the  kidney.  Girard  ^  had  a  case  in 
which  the  right  kidney  possessed  a  mesentery  nearly  two  inches 
long.  The  kidney  floated  at  the  level  of  the  third  lumbar 
vertebra  internal  to  the  ascending  colon.  A  meso-nephron,  how- 
ever, is  rarely  found,  and  it  seems  to  result  from  a  turning  over 
of  the  kidney,  whereby  the  convexity  comes  to  point  towards 
the  vertebral  column,  and  the  posterior  surface  lies  in  front. 
Most  frequently  the  displaced  kidney  is  merely  situated  more  or 
less  loosely  in  the  cellular  tissue  under  the  peritoneum,  whereby 
a  greater  or  less  degree  of  mobility  results.  In  my  case,  as 
already  described,  the  mesocolon  was  found  crossing  the  anterior 
surface  of  the  kidney,  and  the  peritoneum  so  loosely  disposed  as 
to  permit  of  a  wide  range  of  movement 

The  side  on  which  this  displacement  was  found  is  also  inter- 
esting. In  most  cases  it  is  the  right  kidney  which  is  out  of 
place,  as  in  the  present  one.    In  ten  autopsies,^  eight  showed 

1  Bayer,  qnoted  by  Fritz.,  ib,,  p.  167. 

"  Trans,  Path,  Soc,  Lcmd.,  vol.  xxvii.,  1876,  p.  471. 

»  Trans.  Path,  Soe.  Lond.,  vol.  xi.,  1860,  p.  142. 

*  Girard,  quoted  by  Fritz,   ft.,  p.  168. 

•  Trans.  Path,  Soc.  Land.,  vols.  xi.  and  xxvii. 
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the  right  kidney  to  be  affected,  and  two  the  left  M.  Fritz  gives 
the  same  proportion,  viz.,  4  to  1.  M.  Bajer  also  remarks  that 
it  is  much  more  frequent  on  the  right  side  than  on  the  left.  It 
has  been  said  that  when  both  kidneys  present  this  condition  the 
right  one  is  the  more  mobile. 

As  regards  the  sex,  M.  Fritz,  M.  Bayer,  and  Dr  Hare  ^  found 
by  far  the  greater  number  in  females,  and  in  the  ten  cases  men- 
tioned above,  eight  were  in  females.  It  wiU  be  remembered  that 
the  present  case  is  also  that  of  a  female. 

The  age  at  which  it  occurs  is  variously  stated.  Fritz  had  met 
with  no  case  below  the  age  of  18  years,  and  he  gave  from  25 
years  to  45  years  as  the  limits  of  its  most  frequent  occurrence. 

Dr  Legg^  records  a  displacement  of  the  right  kidney  in  a  boy 
aged  3  years. 

The  object  of  the  present  paper  has  been  to  record  a  case  of 
floating  kidney,  and  to  summarise  a  few  of  the  leading  facts  in 
connection  with  this  abnormality.  It  is,  therefore,  not  necessary 
for  me  to  discuss  the  theories  of  its  causation,  and,  besides,  these 
have  been  taken  up  in  detail  by  M.  Fritz  in  his  paper  so  often 
referred  to.  Suffice  it  to  say,  that  observers  are  inclined  to 
regard  it  as  an  acquired  rather  than  a  congenital  condition. 
Still,  the  latter  mode  of  origin  cannot  be  lightly  overlooked,  and 
when  we  find  coincident  displacement  of  the  intestines  to  such 
an  extent  as  in  the  cases  quoted,  and  notably  in  the  present 
one,  we  cannot  avoid  the  conclusion,  that  sometimes,  at  least,  its 
origin  is  congenital.  This  opinion  is  strengthened  by  the  study 
of  the  condition  of  the  intestinal  canal  at  an  early  stage  of  its 
development,  when  it  consists  of  a  simple  tube,  showing  a 
slight  dilatation,  which  corresponds  to  the  stomach.  Below  this 
there  is  a  loop  of  intestine  projecting  forwards  in  the  region 
of  the  umbilicus.  From  this  primary  loop,  the  duodenum,  the 
ascending  colon,  and  the  right  half  of  the  transverse  colon  are 
developed.  Now,  these  are  exactly  the  parts  of  the  intestine 
which  are  displaced  in  the  present  specimen,  and  there  were  no 
traces  of  inflammatory  adhesions^  as  was  the  case  in  the  ''  Abnor- 

^  Med.  Times  and  Oazette,  1860,  vol.  i.  p.  80. 
*  BrU.  Med.  Jour.,  January  8,  1876. 
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mal  Disposition  of  the  Colon/'  referred  to  above.^  Moreover,  in 
the  human  foetus,  the  kiduey  has  acquired  its  peculiar  bean- 
like form  at  the  tenth  week ;  and  it  is  about  this  time  that  the 
primitive  colon  is  crossing  over  to  its  permanent  attached  posi- 
tion on  the  right  side  of  the  mesial  plane.  Consequently,  a 
kidney  situated  further  down  than  usual,  as  was  the  case  in  my 
specimen,  would  act  as  an  obstacle  in  the  way  of  the  colon,  and 
a  condition  of  parts  analogous  to  those  under  consideration 
might  easily  result.  Again,  bearing  in  mind  that  the  kidney 
and  outer  wall  of  the  intestinal  tube  are  both  developed  in 
mesoblast,  and  that  the  peritoneum  is  formed  by  local  "  super- 
ficial delamination  from  the  mesoblast,"^  it  does  not  seem 
inexplicable  that  displacements  of  the  kidney  and  intestines 
should  be  associated  together. 

There  are  some  prominent  predisposing  causes,  e.g.,  increase  iu 
the  volume  and  weight  of  the  kidney,  as  in  hydronephrosis, 
M.  Urag  '  gives  an  autopsy  of  such  a  case. 

Tight-lacing  is  strongly  blamed  by  M.  Cruveilhier,^  and  the 
reason  assigned  for  the  greater  immunity  of  the  left  kidney,  as 
compared  with  the  right,  is  the  fact  that  it  is  better  supported 
and  protected  from  injurious  pressure  by  the  fundus  of  the 
stomach. 

Finally,  some  interesting  complications  have  been  noted. 
Thus,  by  lying  in  front  of  the  aorta  the  displaced  organ  may 
transmit  its  pulsations  and  so  simulate  aneurism.  Death  has 
resulted  from  obstruction  of  the  bile  duct  by  a  displaced  kidney.^ 
Horse-shoe  kidney  ^  has  also  been  found  as  the  result  of  a  float- 
ing kidney  uniting  with  the  opposite  one. 

*  Vide  this  Journal,  October  1884. 

'  Qttain*8  AruU,,  9th  ed.,  vol.  ii.  p.  882. 

*  Urag,  quoted  by  Fritz. 

*  CruTeilbier,  quoted  by  Fritz. 

>  Cfazette  des  Hdpitaux,  October  2,  1876. 
<  Brit,  Med,  Jour.t  January  8,  1876. 
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THE  MOVEMENTS  OF  THE  ULNA  IN  EOTATION  OF 
THE  FORE- ARM.  By  Thomas  Dwight,  M.D.,  Pqrkman 
Professor  of  Anatomy  at  Harvard  University,  U.S,A. 

It  haa  been  almost  universally  taught  until  recently  that  in 
rotation  the  radius  revolves  and  the  ulna  remains  at  rest  This 
view  was  attacked  some  years  ago  by  Lecomte,^  who  held  that  both 
bones  rotate,  and,  indeed,  that  usually  the  ulna  describes  a  larger 
curve  than  the  radius.  These  papers  attracted  more  ridicule  than 
sorious  attention,  but  now  the  whole  subject  has  been  reopened 
by  Professor  Heiberg,*  of  Christiania,  who  defends  the  theory  of 
the  rotation  of  the  ulna.  He  supports  his  views  by  experiments 
on  the  cadaver,  which  Lecomte  thought  misleading,  and  gives  au 
admirable  synopsis  of  the  whole  history  of  this  interesting  ques- 
tion. The  book  need  not  be  reviewed  here,  as  it  has  been  done 
by  Mr  Wagstaffe  in  the  London  Medical  Record  for  July  1884, 
and,  indeed,  I  am  indebted  to  this  notice  for  my  first  knowledge 
of  it.  Mr  Wagstaffe  appears  to  accept  the  new  doctrine,  as  he 
"  hopes  to  see  the  results  of  Professor  Heiberg's  observations  in- 
corporated in  our  anatomical  and  surgical  text-books."  So  also 
does  Professor  KoUmann,  who  notices  the  book  in  Virchow  und 
HirscKs  Jahresbericht  It  is,  therefore,  rather  surprising  that  the 
question  should  have  raised  no  discussion. 

It  cannot  be  denied  that  the  appearance  of  a  rotation  of  the 
ulna  is  very  striking,  and  also  that  Professor  Heiberg  states  his 
case  very  forcibly.  He  points  out  that  we  can  pronate  the  hand 
by  keeping  the  ulna  fixed  and  turning  the  radius  around  it  in 
the  classical  way,  but  that  we  can  make  the  axis  of  rotation  lie 
in  any  finger  we  please,  and  that  this  becomes  more  evident  if  we 
hold  a  gimlet  or  a  corkscrew  between  different  fingers  in  turn. 
He  claims  that  we  must  so  modify  the  theory  of  the  rotation  of 
the  fore-arm  on  an  axis  running  through  the  head  of  the  radius 
and  that  of  the  ulna,  as  to  teach  that  this  axis  is  itself  in  motion 

1  Archives  gindrcUes  de  midecine,  Aodt,  1874,  et  Mai,  Juin  1877. 
'  Ueber  die  Drehungen  der  Sand,  Wien  and  Leipzig,  Urban  and  Scbwarzen- 
berg,  1884. 


MOVEMENTS   OF  THE   ULNA  IN   ROTATION   OF  FORK-ARM.     187 

owiug  to  a  rotation  of  the  ulna.  He  believes  that  a  point  in  the 
greater  sigmoid  cavity  is  the  centre  of  rotation,  the  lower  portion 
of  the  boue  describing  the  surface  of  a  larger  cone,  and  the  ole- 
cranon that  of  a  smaller  one.  "  Thus  the  rotation  of  the  fore-arm 
is  due  to  the  combined  and  complementary  movements  of  the  two 
bones,  both  of  which  rotate.  It  is  true  that  the  excursion  of  the 
radius  is  usually  the  greater,  but  the  ulna  can  rotate  alone."  ^ 

Heiberg's  most  striking  experiments  consist  in  fixing  small 
rods  fitted  to  draw  lines  into  the  lower  ends  of  the  radius  and 
nlna,  so  as  to  lengthen  them  (the  hand  having  been  disarticu- 
lated), and  to  show  that  on  rotating  the  fore-arm,  each  rod  traces 
a  curve. 

The  purpose  of  the  present  paper  is  to  show  that,  while  Pro- 
fessor Heiberg's  observations  are  correct,  bis  interpretation  is 
wrong ;  that  though  the  ulua  may  move  in  rotation  it  does  not 
rotata 

I  have  for  several  years  shown  the  following  experiment  in 
my  lectures : — Grasping  the  left  wrist  with  the  thumb  and  a 
finger  of  the  right  hand,  I  point  out  that  not  only  has  the  lower 
end  of  the  ulna  daring  pronation  gradually  passed  from  the  inner 
to  the  outer  side  of  the  wrist,  but  that  it  could  be  felt  moving 
against  the  enclosing  finger.  I  then  show  that  a  precisely  similar 
movement  appears  to  occur  in  the  undissected  arm  of  a  cadaver. 
The  next  step  is  to  show  that  this  appearance  is  in  part  at  least 
deceptive,  or,  more  accurately,  that  the  deduction  from  it  that 
the  ulna  rotates  is  entirely  false.  A  cut  down  to  the  bone  is 
made  on  each  side  of  the  wrist,  and  large  headed  pins,  five  or  six 
inches  long,  are  fixed  into  the  outer  aspect  of  the  radius  and  the 
inner  of  the  ulna.  The  soft  parts  must  be  sufficiently  divided 
not  to  press  on  the  pins  when  the  arm  is  twisted.  The  pins  are 
at  right  angles  to  the  long  axis  of  the  fore-arm,  and  when  the 
hand  is  supine  are  both  horizontal.  On  pronating  the  hand,  the 
radial  pin  is  seen  describing  a  large  curve,  while  the  ulnar  pin 
remains  at  rest.  The  force  may  be  applied  by  twisting  any  finger 
without  altering  the  result  I  have  sometimes  thought  that,  after 
the  movement  had  reached  its  normal  limit,  some  very  slight 

*  '*  Die  Drehungen  des  Yorderanns  werden  somit  gegenseitig  vicariirende 
Fnnctionen  der  beiden  Enochen,  velche  beide  rotiren ;  der  Ausschlair  des  Radius 
Ut  zwar  in  der  Regel  der  groaaere  ;  ea  Eann  aber  auch  die  UlQa  allein  rotiren.*' 
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rotation  of  the  ulnar  pin  could  be  produced  by  violent  pronation, 
but  only  when  the  force  used  was  so  great  as  to  make  the  con- 
ditions quite  unnatural. 

After  reading  Professor  Heiberg*s  book  with  great  interest.  I 
performed  this  experiment  on  a  partially  dissected  arm,  with  the 
usual  result.  Having  then  disarticulated  the  hand,  and  the 
humerus  being  held  in  a  vice,  1  grasped  the  lower  ends  of  both 
bones  at  once  with  a  very  strong  pair  of  toothed  forceps  and  en- 
deavoured to  twist  them,  which,  of  course,  should  be  possible, 
according  to  Heiberg's  theory,  but  the  bones  began  to  break 
without  any  movement  occurring  in  the  pin  in  the  ulna.  I  once 
more  performed  the  experiment  with  the  pins  on  a  fresh  subject, 
a  young  male.  After  that  I  removed  the  hand,  and  fixed  short 
rods  bearing  brushes  into  the  lower  ends  of  the  radius  and  ulna 
according  to  Heiberg.  On  pronating  the  hand,  I  saw  to  my 
astonishment  each  brush  describe  a  curve  on  the  paper  held 
against  them.  That  in  the  radius  travelled  upward,  inward,  aad 
downward ;  that  in  the  ulna  made  a  much  smaller  circuit  down- 
ward, outward,  and  upward.  The  movement  of  the  ulna  was  not 
forced  nor  unnatural.  The  rods  appeared  to  begin  to  move  at 
the  same  instant.  Once  or  twice  I  thought  that  the  ulna  began 
the  least  fraction  of  a  second  before  the  radius. 

Much  perplexed,  I  repeated  the  observation  again  and  again> 
till  my  eye  fell  on  the  pin  that  had  been  fixed  in  the  ulna  at 
right  angles  to  its  shaft  for  the  previous  experiment,  and  I  saw 
that  though  the  brush  in  the  end  of  the  ulna  was  describing 
curves,  the  pin  was  doing  nothing  of  the  kind.  It  is  perfectly 
evident  that  if  the  ulna  were  really  rotating,  this  movement  would 
be  shown  by  the  head  of  the  long  pin.  For  further  proof  I  laid 
bare  the  inner  surface  of  the  shaft  of  the  ulna  for  some  distance 
above  the  head,  ^nd  painted  a  line  on  it  running  up  the  arm. 
This  showed  no  tendency  to  pass  out  of  sight  during  rotation, 
except  perhaps  very  slightly,  when  excessive  force  was  applied. 

It  was  clear,  therefore,  that  Heiberg's  ulnar  curve  must  be 
accounted  for  otherwise  than  by  rotation  of  the  ulna.  Watching 
more  closely  than  I  had  done  the  head  of  the  long  transversely 
placed  pin,  I  tried  to  analyse  some  slight  movements  which  I 
had  regarded  as  merely  accidental  The  most  definite  of  these 
was  a  tendency   to  abduction  at  the  beginning  of  pronation. 
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These  movenieDts  varied  with  the  application  of  the  force,  and 
I  was  soon  convinced  that  the  carve  which  Heiberg  mistook  for 
a  sign  of  rotation  of  the  ulna  is  simpl}*  the  effect  of  combined 
lateral  and  vertical  movement.  If  two  constant  forces  are  applied 
at  right  angles  to  each  other,  the  object  acted  on  will  move  in 
the  diagonal,  but  if  the  forces  are  of  varying  intensity,  more  or 
less  complicated  carves  will  result 

These  experiments  decide  a  disputed  point,  namely,  that  lateral 
movement  occurs  in  the  elbow-joint  It  can  be  readily  shown 
by  fixing  the  humerus  in  a  strong  vice,  after  the  removal  of  the 
soft  parts,  and  marking  the  extent  of  the  movements  by  a  short 
pin  driven  through  the  styloid  process  of  the  ulna,  so  as  to  pro- 
ject at  the  back  of  the  wrist.  When  the  arm  is  fully  ex- 
tended, it  may  be  doubted  if  there  is  any  lateral  movement,  but 
as  soon  as  it  is  even  slightly  flexed  there  is  no  doubt  at  all. 
When  the  fore-arm  is  carried  up  to  right  angles  with  the  arm,  it 
is  found  that  the  movement  is  no  longer  as  free  as  it  has  been* 
It  is  a  curious  fact  that  this  lateral  movement  is  more  extensive 
when  the  fore-arm  is  prone,  and  this  may  have  some  bearing  on 
the  curves  drawn  in  Heiberg's  experiment 

In  case  it  should  be  objected  that,  as  I  obtained  these  move- 
ments on  a  cadaver,  it  does  not  follow  that  they  occur  during  life 
from  muscular  action,  I  would  call  attention  to  an  experiment  by 
Heiberg  which  removes  the  doubt  A  long  rod  was  firmly 
fastened  along  the  ulna  of  a  living  person,  and  allowed  to  project 
for  some  inches  behind  the  elbow.  The  person  then  executed  the 
movements  of  boring,  and  curves  were  registered  by  a  brush  on 
the  end  of  the  rod.  The  movements  cannot,  for  the  reasons 
given,  have  been  due  to  rotation,  hence,  by  a  process  of  exclu- 
sion, we  must  admit  that  they  are  in  part  lateral.  I  assume,  of 
course,  that  no  error  has  crept  in  from  unnoticed  movements  of 
the  humerus.  It  is  not  to  be  inferred,  however,  that  any  lateral 
movement  at  the  elbow  is  a  perfectly  simple  one.  The  want  of 
accurate  coaptation  of  the  articular  surfaces  renders  it  very  un- 
likely. Two  points,  I  think,  are  established  by  these  simple  ex- 
periments,— 1st,  that  the  ulna  does  not  rotate ;  2nd,  that  it  has 
a  lateral  movement  It  may  be  added  that  rotation  of  the  ulna 
would  demand  a  new  theory  of  the  shape  and  function  of  arti- 
cular surfaces. 


DISSECTION  OF  A  DOUBLE  MONSTER  (EPIGNATHUS). 
By  Alex.  Hill,  M.  A.,  M.B.,  Fellow  of  Downing  College^  and 
Demonstrator  of  Anatomy  in  the  University  of  Cambridge, 

I  AM  indebted  to  Dr  Sunderland  of  Thaxted,  Essex,  in  whose 
practice  the  case  occurred,  for  the  specimen  of  epignathns  about 
to  be  described. 

There  was  nothing  in  the  history  of  gestation  worth  remark- 
ing as  bearing  upon  the  case.  Nor  does  the  specimen  itself  offer 
for  description  any  features  which  do  not  occur  in  one  or  other 
of  the  cases  already  on  record,  unless  it  be,  perhaps,  the  extreme 
simplicity  of  its  general  formation,  which  makes  it  easy  to 
determine  the  exact  relation  between  the  two  parts  of  the  double 
monster.  On  this  account,  especially  as  the  condition  of  epig- 
uathus  has  been  held  to  throw  very  considerable  light  upon  the 
mode  of  formation  of  all  double  monsters,  I  considered  the 
specimen  to  merit  careful  dissection  and  description. 

The  autosite  is  a  well-developed  seven  months'  female  foetus, 
in  all  respects  normal. 

The  parasitic  twin  consists  of  a  lobulated  mass  projecting  from 
the  mouth  and  anterior  nares;  of  which,  it  is  a  noteworthy  fact, 
it  produces  hardly  any  dilation  or  distortion. 

The  peduncle  measures  rather  less  than  1  cm.  in  diameter, 
and  is  attached  only  to  the  basi-sphenoid  and  posterior  border  ol 
the  vomer.  The  total  size  of  the  depending  mass  is  about 
equal  to  that  of  the  head  of  the  other  foetus.  It  consists  of 
three  large  and  half  a  dozen  small  cotyledons.  Of  these,  the 
largest  (7  cm.  long  by  5  cm.  broad)  presents  a  superficial 
resemblance  to  an  ill-formed  foetal  head,  with  mouth,  tongue, 
and  somewhat  hairy  scalp ;  but  after  careful  dissection  I  came  to 
the  conclusion  that  this  resemblance  is  only  accidental.  It 
contains  a  central  mass  of  bone,  quite  irregular  in  form  and  full 
of  cysts. 

One  of  the  smaller  cotyledons  reproduces  this  appearance  iu  a 
less  obvious  form. 

Another  mass  (3  cm.  by  2*5  cm.)  is  covered  only  by  a  very 
delicate  transparent  membrane,  and  consists  of  an  embryonal 
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form  of  liver — the  columns  of  liver  cells  being  surrounded  by 
much  connective  tissue,  and  the  wliole  richly  supplied  with 
blood. 

A  lobule,  with  very  narrow  stalk,  projects  from  each  nostril — 
the  larger  of  the  two  of  about  the  size  of  a  horse-chestnut* 
These,  like  the  greater  part  of  the  rest  of  the  parasite,  consist 
of  jelly-like  embryonic  tissue,  covered  by  well-formed  skin,  with 
hair  follicles,  sebaceous  and  sweat  glands,  and  presenting 
mnch  more  adult  type  than  the  skin  of  a  normal  foetus.  "With 
the  exception  of  the  skin,  the  tissues,  in  their  minute  structure, 
suggest  hasty  imperfect  formation. 

A  considerable  artery  is  found  in  the  peduncle,  taking  origin 
apparently  from  one  of  the  pharyngeal  arteries.  I  did  not 
determine  its  exact  source,  as  I  was  anxious  not  to  destroy  the 
specimen  for  the  museum.  In  addition  to  this,  however,  a  small 
artery  descends  through  the  open  pituitary  canal  from  the  sella 
turcica.  It  is  a  branch  of  the  left  common  carotid,  connected 
also,  as  it  appears  to  me,  with  a  very  minute  branch  from  the 
right.  Beneath  the  basi-sphenoid  it  breaks  into  small  branches, 
which  run  into  the  peduncle;  I  was  unable  to  determine  whether 
or  not  they  anastomose  with  the  main  peduncular  artery.  The 
canal  in  the  basi-sphenoid  is  merely  large  enough  to  transmit  this 
small  artery,  and  the  parasite  is  in  no  other  way  connected  with 
the  interior  of  the  skull.  This  intracranial  blood  supply 
connects  it  with  a  certain  number  of  cases  already  described,  in 
which  the  whole  stalk  descends  through  the  basis  cranii,  and  is 
of  extreme  interest  in  connection  with  the  theories  which  have 
been  put  forth  to  explain  the  formation  of  epignathus.  The 
brain  of  the  autosite,  in  the  present  case,  including  the 
hypophysis  cerebri,  is  perfectly  normal. 

The  terms  used  in  this  description  imply  that  I  regard  the 
monster  as  formed  of  two  foetuses,  one  normally  developed,  the 
other  arrested  and  distorted.  Pathologists  are  not,  however, 
agreed  as  to  the  morphological  significance  of  the  parasite.  No 
one  would  contend  now-a-days  that  it  is  a  separate  "  individual," 
and  the  whole  monster  the  product  of  two  distinct  ova  which 
have  become  fused  together,  but  most  would  regard  it  as  the 
product  of  an  embyro,  which  had  an  existence  separate  from 
that  of  the  embryo  from  which  the  autosite  has  grown  in  the 
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single  ovum.  Forster  {MissbUdung,  p.  27)  would  only  have  it 
regarded  as  a  '*  parasite  or  foetus  in  foetu  "  if  it  contains  distinct 
organs,  such  as  extremities  or  viscera.  Whether  our  collection 
of  liver-cells  entitle  it  to  take  this  rank  according  to  his 
definition  I  do  not  know. 

It  does  not  appear  to  me,  however,  that  the  question  as  to 
whether  the  parasite  is  or  is  not  to  be  regarded  as  morphologi- 
cally a  foetus,  is  of  so  much  importance  as  is  generally  supposed; 
for  if  we  take  a  survey  of  all  the  various  forms  of  double  mon- 
strosity, from  the  Siamese  twins  and  double-headed  Nightingale 
down  to  the  most  degraded  form  of  acardiacus  or  sacral  teratoma 
on  the  one  hand,  or  the  simplest  reduplication  of  a  limb  or  a 
digit  on  the  other,  we  have,  in  either  case,  a  continuous  series  ; 
and  it  is  as  unnecessary  to  suppose,  in   the  case  of  a  perfect 
dDuble  monster,  that  the  two  embryos  which  compose  it  were  at 
any  period  completely  separate,  as  it  is  in  the  case  of  a  redupli- 
cated digit.      The  more  probable  explanation  of  the  origin  of 
all  forms  of  double  monstrosity  is,  that  growth,  which  usually 
proceeds  along  a  single  line,  proceeds  along  two   parallel,  as 
far  as  we  can  trace  them  back.    That  the  parallelism  cannot 
have  existed  from  the  beginning  is  obvious ;  there  must  have 
been  a  point  of  divergence  however  remote.     Gerlach^  conceived 
that  it  might  be  possible,  by  limiting  the  nutritive  changes 
which  occur  in  the  ovum  to  certain  regions,  to  determine  the 
situation  and  form  of  the  prunitive  groove,  and  with  this,  of  the 
whole  embryo.     He  restricted  the  respiration  of  the  ovum  to  a 
Y-shaped  area,  by  varnishing  over  the  rest  of  the  (hen's)  egg, 
and  believes  that  in  this  way  he  produced  artificially  a  duplicitas 
anterior  and   other   malformations.     W.  Roux*  has,  however, 
shown  that  the  plane  of  the  first  cleavage  of  the  ovum,  and 
hence  of  the  axis,  is  constant  for  the  frog's  egg.    From  the  first 
it  is  independent  of  external  causes.     Possibly,  as  Boux  suggests, 
it  is  determined  by  the  direction  of  conjugation  of  the  male  and 
female  pronuclei.     Soux  also  points  out  that  his  observations 
militate  strongly  against  the  possibility  of  artificial  production 

^  Ueber  die  kunstliche  Erzeugang  von  DoppelbilduDgen  belm  Huhnchen. 
Sitzuiigsber,  d.  Phys.  med.  SocieUU  zu  Erlaiigen,  von  8  Nov.  1880. 

'  Ueber  die  Zeit  der  Bestimmung  der  Hauptrichtungen  dis  Froschembryo,  Leipiig, 
1883. 
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of  double  moDBters,  as  well  as  against  Ablfeld's  theory  (to  which 
reference  will  be  made  immediately).  Scanty  as  is  the  experi- 
mental evidence,  many  general  considerations,  as  for  instance  the 
hereditary  predisposition  to  the  minor  forms  of  doable  growth, 
woald  lead  us  to  conclude  that  the  tendency  to  double  forma- 
tion is  inherent  in  the  ovum  at  a  very  early  period. 

Schaltze,  in  his  article  (Ueber  anomale  Duplicitat  der  Axen- 
organe,  Virchovfs  Archiv^  vii.)  first  insisted  upon  this  double 
growth.  Leuckart  {de  monstris  commque  causis  et  ortu)  recog- 
nised that  all  the  forms  of  double  monstrosity  affecting  the  axis 
of  the  embryo  could  be  resolved  into  three  classes, — anterior, 
posterior,  and  parallel  duplicity, — but  considers  them  to  be  due 
to  excess  of  tissue-forming  material,  abnormal  enlargement,  and 
cleavage. 

Schnltze  agrees  with  Leuckart  as  to  his  three  ground  forms, 
but  considers  them  to  arise  **  neither  through  fusion  nor  cleav- 
age, but  through  original  formation." 

Schnltze  refers  to  the  condition  of  epignathus,  and  considers  it 
as  a  form  of  doubling  of  the  third  class  (duplicitas  parallela), 
but  does  not  seem  to  understand  by  the  term  "epignathus," 
anything  more  than  the  attachment  of  u  rudimentary  fcetus 
to  the  jaws  of  a  perfect  one,  nor  to  be  aware  of  the  existence  of 
such  cases  as  the  one  I  have  described,  in  which  the  stalk  of 
the  parasite  adheres  only  to  the  basis  cranii  of  the  autosite. 

Beferring,  however,  to  the  similar  condition  of  the  posterior 
extremity  of  the  body  in  pygodidymus,  which  he  places  in  the 
first  class  (duplicitas  anterior),  ho  supposes  that  the  two  adherent 
embryos  lay  upon  the  yolk  in  the  same  straight  line  with  their 
heads  turned  in  opposite  directions.    "  That  one  foetus  early  fell 
behind  in  development,  before  the  tails  were  raised  above  the 
blastoderm,  in  which  case  the  other  foetus  would  outgrow  it  with 
its  tail,  upon  the  upper  or  under  surface  of  which  the  first  foetus 
would  come  to  rest.     If  the  first  foetus  rested  upon  the  upper 
surface  of  the  second,  it  would  come  to  be  shut  up  in  the  general 
coverings  on  the  back  of  the  sacrum ;  if  it  lay  on  the  anterior 
surface  (an  der  vorderen  Flache)  of  the  sacrum,  it  would  come 
to  be  shut  up  in  the  cavity  of  the  pelvis.    The  outgrowing  of 
the  larger  foetus  over  the  other  is  of  such  a  kind  one  would  sup- 
pose, that  the  strongly  devjloping  tail  raisos  in  front  of  it  a  fold 
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of  the  cpiblast  (Jes  animalen  Blattes),  close  up  against  which 
lies  the  smaller  foetus,  with  the  visceral  and  neural  layers  belong- 
ing to  it.  When  the  rudimentary  foetus  contains  intestinal 
structures,  it  follows  that  the  hypoblast  (vegetative  Blatt)  takes 
part  in  the  formation  of  this  fold." 

It  is  easy  to  catch  the  general  drift  of  this  theory,  but  when 
we  attempt  to  apply  it  in  detail  to  the  explanation  of  any  par- 
ticular case  of  pygodidymus,  we  find  that  it  affords  us  very  little 
assistance.  It  is  impossible  to  conceive  of  changes  in  position 
of  two  embryos  originally  lying  side  by  side,  such  as  would  result 
in  the  one  traversing  the  epiblast  of  the  other,  and  coming  to  be 
attached  to  a  deeply-lying  mesoblastic  structure  like  the  sacrum, 
cither  beneath  tbe  gluteal  muscles  or  within  the  cavity  of  the 
pelvis.  Nor  does  there  appear  to  be  any  reason  for  separating  the 
sacral  teratomata  from  various  cases  of  inclusio  abdominalis  with 
which  they  are  connected  by  transitional  forms ;  if,  however,  it 
were  attempted  to  apply  the  same  explanation  to  these  latter, 
the  difficulty  would  be  increased  by  the  necessity  of  following 
the  parasite  in  its  passage  through  epiblast  and  mesoblast  to 
hypoblast. 

Dr  Ahlfeld,  in  his  exhaustive  paper  {ArehivfWr  Gfyncekologie, 
Bd.  vii.,  1875),  collects  twenty-six  cases  of  epignathus  from 
medical  literature,  and  gives  figures  of  the  greater  number. 
More  recently,  in  his  work  Die  MissiMdungen  des  Menschen,  he 
states  that  he  now  knows  of  as  many  as  forty  cases.  He  applies 
Schultze's  theory  of  pygodidymus  to  this  form  of  monstrosity 
also,  illustrating  the  explanation  with  woodcuts,  which  I  here 
reproduce. 

**  We  suppose,"  he  says, "  that  the  completely  separate  em- 
bryonic areas  lie  on  a  single  egg,  in  such  a  way  that  the  two 
embryonal  axes,  the  heads  of  which  are  turned  towards  one 
another,  are  in  the  same  straight  line.  The  distance  apart  of  the 
two  embryos  must  be  sufiicient  to  allow  of  their  both  rising  up  on 
the  blastoderm  without  interfering  with  one  another.  Supposing 
A  grows  quickly  while  B  remains  small,  it  will  follow,  provided 
the  distance  between  the  embryos  is  not  too  small,  that  B  soon 
comes  to  lie  beneath  the  anterior  cerebral  vesicle  of  A,  and  later 
still  in  the  funnel  which  points  at  the  infundibulum  (in  which 
in  the  same  way  the  end  of  the  fore-gut  is  tucked  in),  and  thus 
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toaches  the  iafuudibulum  with  its  apex.  Thus  B  lies  between  the 
bioder  layer  of  the  fore-braia  aod  the  anterior  layer  of  the  fore-gat. 
With  the  brain  vesicles  id  front  of  it,  B  ^ws  in  front  of  the 
cavity  of  the  fore-gut,  and  may  come  to  reach  the  end  of  the 
Bpace,  its  anterior  end  being  compelled  to  assuine  a  pointed  fonn 
owing  to  its  relation  to  Burrounding  parts." 


As  remarked  abont  the  pygodidymua  theory  of  Schultzo,  it  ie 
eaey  to  follow  the  general  lines  indicated  in  Ahlfeld's  explana- 
tion, bat  very  difficnlt  to  work  out  the  idea  in  detail  So  many 
hypotheeee  are  involved  as  to  remove  it  almost  beyond  the  range 
of  working  theories.  In  the  first  place,  an  immenso  dispropor- 
tion in  growth  between  the  two  embryoi  must  be  imagined. 
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sufficient  to  allow  of  the  one  embryo  receiving  the  other  into  its 
stomodseum,  the  inequality  appearing  at  a  very  early  period, 
and  being  most  marked,  indeed,  at  a  time  when  the  two  embryos 
are  lying  side  by  side  under  exactly  similar  conditions  upon  the 
yolk.  It  is  difficult,  if  not  impossible,  to  account  for  this  dis- 
parity, which  would  need  to  be  peculiar  to  the  embryos  them- 
selves; one  would  be  more  inclined  to  imagine  that  the  two 
embryos,  being  placed  under  exactly  similar  conditions,  and 
starting  with  the  same  forces  tending  to  growth,  would  enter 
into  a  struggle  for  the  common  food  supply,  only  to  be  ter- 
minated by  the  one  obtaining  a  mechanical  advantage  over  the 
other,  which  would  reduce  the  latter  to  a  condition  of  depend- 
ence, and  finally  of  parasitism.  A  study  of  the  histological 
structure  of  the  parasite  bears  out  this  supposition,  its  tissues 
exhibiting  the  clearest  evidence  of  hasty,  imperfect  formation,  as 
if  the  potentiality  of  growth  had  always  been  there,  but  only 
recently  had  the  restraining  conditions  been  removed  and  tissue- 
formation  allowed  to  proceed.  The  appearance  of  the  autosite 
further  indicates  this :  jaws,  palate,  septum  nasi,  are  all  perfect 
and  very  little  distorted ;  the  principal  growth  of  the  parasite 
must  have  occurred,  one  would  suppose,  quite  recently,  and  sub- 
sequently to  the  formation  of  these  organs.  In  the  second 
place,  although  in  the  diagrams  the  position  of  the  parasite  B  in 
the  funnel  (trichter)  is  intelligible  enough,  it  is  important  to 
remember  that  the  conditions  are  here  unduly  simplified.  As  a 
matter  of  fact,  a  very  considerable  quantity  of  mesoblast  every- 
where intervenes  between  the  peripheral  epiblast  and  the  basis 
cranii,  and  the  parasite  could  only  traverse  this  and  reach  a 
position  immediately  beneath  the  sella  turcica  by  being  en- 
gulphed  into  the  primitive  buccal  cavity,  and  even  into  the 
pituitary  diverticulum  of  the  buccal  cavity.  This  being  the 
case,  it  is  difficult  to  account  for  the  parasite  travelling  so  far, 
and  not  taking  up  its  permanent  position  by  attaching  itself  to 
some  other  part  of  the  wall  of  the  buccal  cavity,  to  the  inside  of 
the  cheek  or  nasal  cavities,  or  to  the  gums,  for  instance.  Such 
(in  attachment  is  described  in  certain  cases,  but  that  it  is  a 
secondary  one  is  indicated  by  the  fact  that  it  is  the  hard  palate 
which  is  most  frequently  selected. 
The  artery  which  in  the  case  above  described  passes  down 


lilbSECTlON   OF  A  DOUBLE   MOXSTEB.  197 

from  the  iDternal  carotid,  may  have  taken  advantage  merely  of 
the  open  pituitary  canal  to  reinforce  the  pharyngeal  arteries 
which  supply  the  mass  of  the  parasite,  or  may  possibly  have  a 
much  wider  significance,  for,  although  in  only  a  few  cases  is  the 
attachment  of  the  parasite  carefully  recorded,  irregularities  in 
the  basis  cranii  are  noted  in  the  following: — In  Wegelin's  case 
the  stalk  goes  through  a  hole  in  the  sella  turcica,  and  reaches  as 
far  forwards  as  the  crista  galli.  In  Bippmann's  case  a  part  of 
the  parasite  is  intracranial,  the  connecting-stalk  passing  through 
the  pituitary  canal;  the  hypophysis  cerebri  is  wanting.  In 
Arnold's  case  a  part  of  the  tumour  is  intracranial,  being  con- 
nected with  the  extracranial  part  by  a  stalk  1  cm.  thick,  which 
pierces  the  basis  cranii.  The  intracranial  portion  and  the  stalk 
are  described  as  resembling  white  brain  matter,  but  the  hypo- 
physis is  not  mentioned.  In  J.  Baart  de  la  Faille's  first  case 
the  stalk  pierces  the  sella  turcica  from  below  upwards;  the 
hypophysis  is  wanting.  In  his  second  case  the  stalk  also 
perforates  the  sella  turcica,  going  to  be  attached  to  the  anterior 
clinoid  processes ;  the  brain  was  too  rotten  for  investigation.  In 
ten  other  cases  only  is  the  origin  of  the  peduncle  described  with 
any  attempt  at  detail,  and  in  five  of  these  there  is  attachment  to 
the  pharynx-wall.  Only  in  one  (Ahlfeld's)  is  it  distinctly  stated 
that  the  basis  cranii  is  absolutely  normal,  and  it  is  possible  that, 
had  attention  been  directed  to  this  point,  traces  of  an  original 
intracranial  attachment  would  have  been  discovered  in  some  of 
the  other  cases. 

It  would  appear  to  me  that,  in  his  explanation  of  the  sacral 
teratomata,  Schultze  has  departed  from  his  own  axiom  "  neither 
through  fusion  nor  cleavage  but  through  original  formation," 
and  that  Ahlfeld  has  introduced  into  his  ingenious  adaptation 
of  Schultze's  theory  certain  by  no  means  probable  hypotheses, 
and  at  the  same  time  overlooked  some  of  the  most  striking 
characteristics  of  the  condition  of  epignathus. 


THE  EELATION  OF  THE  ALVEOLAR  FOEM  OF  CLEFT 
PALATE  TO  THE  INCISOR  TEETH  AND  THE 
INTERMAXILLARY  BONES.  B7  Professor  W. 
TuKNER,  M.B.,  F.R,S. 

(Comnmiiicated  to  tbe  Boyal  Society  of  Edinburgh,  December  15,  1884.) 

In  an  essay  on  the  intermaxillary  bone  published  in  1786,  the 
illastrious  Goethe,  by  the  recognition  of  a  suture  on  the  palatal 
aspect  of  the  upper  jaw,  extending  from  the  incisive  foramen  to 
the  interval  between  the  canine  and  lateral  incisor  tooth,  and  of 
a  prolongation  of  the  same  suture  into  the  naso-palatine  canal, 
determined  the  presence  of  this  bone  on  each  side  of  the  human 
upper  jaw.  In  a  subsequent  essay,  published  in  1819,  he  cited 
other  facts  in  support  of  this  position,  and  stated  that  in  hare-lip 
the  incisive  or  intermaxillary  bone  is  separated  from  the  superior 
maxilla,  and  the  suture  between  the  two  bones  remains  open. 
Since  that  time  it  has  been  the  current  doctrine  that  the  lateral 
cleft  in  the  alveolar  border  of  the  jaw,  which  so  frequently 
accompanies  a  hare-lip,  marks  the  separation  between  the  inter- 
maxillary and  superior  maxillary  elements  of  the  human  upper 
jaw. 

In  an  essay  published  in  1879,^  Dr  Paul  Albrecht  traversed 
this  conclusion  of  Goethe's.  From  the  examination  of  the  skull 
of  a  young  horse,  with  a  double  hare-lip  and  alveolar  cleft,  of 
the  skulls  of  two  calves  with  lateral  alveolar  clefts,  and  of 
similar  malformations  in  the  human  upper  jaw,  he  came  to  the 
conclusion  that  the  cleft  was  not  between  the  intermaxilla  and 
superior  maxilla,  but  was  intra-iucisive  in  position,  and  co- 
existed with  the  usual  suture  of  articulation  between  the  supe- 
rior maxilla  (exognathion)  and  the  intermaxilla.  He  considered 
that  the  explanation  of  this  condition  was  to  be  looked  for  in 
the  presence  during  earlier  stages  of  development  of  two  inter- 
maxillary bones  on  each  side,  a  mesial  (endognathiou)  and  a 

^  Die  morpbologiscbe  Bedeutnng  der  seitlicben  Kieferapalte  and  die  wahr- 
Bcbeinlicbe  Ezistenz  von  Tier  Zwiscbenkiefern  bei  der  Saugetbieren,  JSoologudia' 
Anzeiger,  1879,  p.  207. 
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lateral  (mesogaatbion),  and  that  the  alveolar  cleft  was  an  open 
state  of  the  sutare  (endo-mesognathic  suture)  which  ought  to 
have  connected  them  together.  In  support  of  this  position  he 
refers  to  observations  by  Albinus,  Autenrieth,  J.  F.  Meckel, 
Leuckart  and  himself  on  the  existence  of  the  remains  of  a  suture 
in  many  hard  palates,  situated  in  the  area  between  the  mesial 
palatal  suture  and  the  maxillo-intermaxillary  (meso-exognathic) 
suture. 

Since  the  publication  of  this  essay  Dr  Albrecht  has  written  a 
number  of  papers  on  the  same  subject,  and  has  accumulated 
many  additional  observations  in  support  of  his  viows.^  As  he 
has  done  me  the  favour  of  presenting  me  with  copies  of  these 
papers,  I  have  been  able  to  make  myself  acquainted  with  his 
opinions  on  this  interesting  topic,  and  have  tested  his  state- 
ments by  an  examination  of  such  material  as  I  have  been  able 
to  obtain  access  to. 

I  propose  in  this  communication  to  give  an  account  of  some 
observations  which  I  have  made  on  this  interesting  branch  of 
teratological  anatomy.  My  observations  fall  under  the  follow- 
ing heads : — 

A.  The  examination  of  an  extensive  series  of  casts  of  the  roof 
of  the  mouth  in  cases  of  cleft  palate,  where  the  cleft  had  ex- 
tended forwards  through  the  alveolar  border  of  the  jaw,  either 
on  one  or  on  both  sides.  For  the  opportunity  of  examining 
these  casts,  and  for  information  regarding  the  cases,  I  have  to 
express  my  obligations  to  my  colleagues.  Professors  Annandale 
and  Chiene ;  to  rDr  John  Smith,  President  of  the  Koyal  College 
of  Surgeons,  Edinburgh ;  Dr  Joseph  Bell,  Senior  Surgeon,  Edin- 
burgh Eoyal  Infirmary;  W.  Bowman  Macleod,  Esq.,  L.D.S., 
Dean  of  the  Dental  School ;  and  Andrew  Wilson,  Esq.,  LD.S., 
Lecturer  on  Dental  Anatomy,  Edinburgh. 

B.  The  examination  of  a  large  number  of  human  hard  palates 

^  Sar  les  4  08  intennaxillaires,  &c. ;  Communication  faite  k  la  Soc.  dPArUhro- 
pologie  de  Bntxclles,  Brussels,  1883 ;  sar  la  Fente  maxillaire  et  les  4  os  inter- 
mazillaires  de  rOrnithorynque,  CommunicatioD  faite  k  la  Soe.  (PAnatomie  PoUho^ 
logique  de  Bntxdles,  1888  ;  Erwiderung  auf  Prof.  H.  v.  Meyer,  Deutsche  Zeitach. 
fiir  Chirurgie,  1884 ;  Die  morphologische  Bedeutung  der  Kiefer-,  Lippen-  und 
Gesichtspalten,  Langenbeck^s  ArehiVy  Bd.  xxi.  Heft.  2 ;  under  the  same  title  in 
OentralblaU  fur  Chirurgie,  1844,  No.  23  ;  Ueber  die  Zabl  der  Zahne  bei  den 
Hasenscbarten  Kieferspalten  in  CejUrcUblatt/Ur  Chirurgie,  1884,  No.  32. 
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iD  the  Anatomical  Museum  of  the  University,  where  there  was 
no  cleft,  with  the  view  of  ascertaining  if  any  sign  was  visible  to 
indicate  the  division  of  the  intermaxillary  region  of  the  upper 
jaw  into  a  mesial  and  a  lateral  portion. 

A.  Casts  of  the  Roof  of  the  Mouth  in  Alveolar  Cleft  Palate, — 
In  the  absence  of  preparations  of  cleft  palate,  either  in  the 
dry  bones  or  in  spirit-preserved  specimens,  carefully  prepared 
casts  of  the  roof  of  the  mouth  are  of  service,  as  they  show  not 
only  the  position  and  direction  of  the  cleft,  but  the  number, 
arrangement,  and  forms  of  the  teeth,  and  the  relation  which  the 
alveolar  cleft  has  to  the  teeth  in  the  incisor  and  canine  8erie& 
They  do  not,  of  course,  enable  one  to  state  with  absolute  preci- 
sion the  particular  part  of  the  jaw  in  which  the  alveolar  fissure 
is  situated,  and  still  less  do  they  permit  one  to  determine  if  a 
maxillo-intermaxillary  suture  coexists  with  the  alveolar  cleft. 
But,  as  in  the  living  mouth  itself,  the  relations  of  the  teeth  to 
the  cleft  can  be  accurately  determined;  also,  in  so  far  as  the  de- 
velopment of  the  incisor  teeth  is  to  be  associated  with  the  posi- 
tion of  the  intermaxillary  elements  of  the  human  upper  jaw,  an 
estimate  can  be  formed  from  them  of  the  position  and  extent 
of  the  intermaxillary  bones,  and  of  their  relations  to  the  superior 
maxilla. 

In  the  course  of  the  description  of  the  casts  I  shall  have  to 
refer  to  the  presence  or  absence  of  a  tooth  in  the  dentary  series 
in  the  interval  between  the  canine  tooth  and  the  alveolar  cleft. 
To  avoid  mixing  theoretical  considerations  with  the  description, 
I  shall  call  this  tooth  precanine,  from  its  position, — a  convenient 
term  which  has  also  been  employed  by  Dr  Albrecht 

1.  Left  Alveolar  and  Mesial  Palatal  Cleft, — Cast  from  the 
museum  of  Professor  Annandale.  The  patient  was  set  15,  and 
was  operated  on  in  1864.^  On  each  side  the  1st  and  2nd  per- 
manent molars,  both  the  bicuspids  and  the  permanent  canines 
were  erupted.  Between  the  right  canine  and  the  cleft  the  right 
lateral  incisor  and  the  two  central  incisors  were  in  position. 
Between  the  left  canine  and  the  cleft  was  situated  the  crown  of 
a  well  grown  precanine  tooth,  which  bounded  the  cleft  on  its 
outer  side. 

2.  Left  Alveolar  and  Mesial  Palatal  Cleft. — Cast   from  the 

^  Operation  described  by  Mr  Annandale  in  Edin.  Med.  Jour.,  Jan.  1865. 
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musenm  of  Professor  A  Dnanilale.  Adult  On  each  side  all  the  true 
molars,  the  bicuspids,  and  the  permanent  canine  were  erupted. 
Between  the  right  canine  and  the  cleft  were  two  incisor  teeth, 
which  were  apparently  the  central  incisors.  On  the  left,  i.e,, 
outer  side,  of  the  cleft,  but  on  the  palatal  side  of  the  permanent 
canine,  was  the  crown  of  a  well  grown  tooth,  which  obviously 
represented  the  left  precanine,  although  it  was  displaced  out  of 
its  re^lar  order  in  the  dentary  arcade,  and  consequently  was 
not  80  close  to  the  cleft  as  in  the  preceding  specimen. 

3.  Left  Alveolar  and  Mesial  Palatal  Cleft. — Cast  from  the 
collection  of  Dr  John  Smith.  Adult  On  each  side  all  the  true 
molars  were  erupted,  on  the  right  side  both  bicuspids,  on  the  left 
one  bicuspid,  also  the  permanent  canine  on  each  side.  Between 
the  right  canine  and  the  cleft  were  four  incisors,  a  left  and  right 
central,  and  two  right  laterals.  It  is  possible  that  the  lateral 
incisor  immediately  in  front  of  the  right  canine  was  a  retained 
milk  incisor.  A  small  preeanine  was  situated  immediately  in 
front  of  the  left  canine  and  close  to  the  cleft. 

4.  Left  Alveolar  and  Mesial  Palatal  Cleft. — Cast  from  the 
museum  of  Mr  Bowman  Macleod,  L.D.S.  Adult.  On  each  side 
all  the  true  molars,  bicuspids,  and  the  permanent  canine  were 
erupted.  Three  incisor  teeth  had  been  situated  between  the 
right  canine  and  the  cleft,  but  the  right  lateral  incisor  had  been 
extracted.  The  crown  of  a  small  preeanine,  which  projected 
beyond  the  gum  like  a  little  tubercle,  was  situated  immediately 
in  front  of  the  left  canine  and  close  to  the  cleft 

5.  Left  Alveolar  and  Mesial  PaJatai  Cleft. — Cast  in  the 
museum  of  the  Dental  Hospital  and  School,  London.^  On  each 
side  the  1st  and  2nd  true  molars,  both  bicuspids  and  the  per- 
manent canine  were  in  place.  Between  the  right  canine  and  the 
cleft  were  the  right  lateral  and  both  central  incisors,  and  the 
left  central  incisor  projected  almost  horizontally  forwards.  The 
small  crown  of  a  left  preeanine  occupied  the  interval  between 
the  left  canine  and  the  cleft,  and  it  projected  almost  horizontally 
forwards  and  inwards  about  half  way  across  the  cleft. 

6.  Left  Alveolar  and  Mesial  Palatal  Cleft. — Cast  from  the 

^  For  tlie  opportunity  of  examining  the  copy  of  the  cast  of  this  and  the  other 
cistB  in  the  Muflenm  of  the  London  Dental  School,  described  in  this  communica* 
tion,  I  am  indebted  to  W.  Bowman  Macleod,  Esq.,  L.D.S. 
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museum  of  Professor  Annaadale.  Adult.  All  the  true  molars, 
the  bicuspids,  and  both  the  canines  were  erupted  Between  the 
right  canine  and  the  cleft  were  two  incisor  teeth,  and  as  there 
was  a  diastema  between  the  cleft  and  the  incisor  on  its  mesial 
side,  it  is  possible  that  another  incisor  may  have  been  extracted. 
On  the  palatal  side  of  the  left  canine  was  the  crown  of  a  well- 
developed  tooth,  which  projected  vertically  and  parallel  to  the 
canine,  and  which,  from  it^  size,  was  obviously  not  a  milk  tooth. 
It  was  close  to  the  alveolar  cleft,  but  the  crown  of  the  caniuc, 
from  being  a  little  bigger,  overlapped  obliquely  this  tooth,  so  as 
to  approach  closer  to  the  cleft  I  regard  this  tooth  as  a  pre- 
canine,  displaced  from  its  proper  order  in  the  dentary  arcade. 

7.  Left  Alveolar  and  Mesial  Palatal  Cleft — Cast  in  the 
museum  of  the  Dental  Hospital,  London.  Transitional  denti- 
tion ;  first  permanent  molar,  all  the  milk  molars  and  caniQes 
were  erupted.  Two  permanent  incisors  were  cutting  the  gam 
between  the  right  canine  and  the  cleft.  A  milk  precanine  was 
situated  between  the  left  milk  canine  and  the  cleft,  and  close  to 
the  cleft. 

8.  Lejt  Alveolar  and  Mesial  Palaial  Cleft — Cast  from  the 
museum  of  Professor  Annandale.  Permanent  dentition.  There 
were  apparently  four  incisors  between  the  right  canine  and  the 
cleft ;  but  the  cast  wanted  definition  in  that  region.  The  left 
canine  came  up  to  the  cleft,  and  no  precanine  was  interposed. 

9.  Right  Alveolar  and  Mesial  Palatal  Cleft, — Cast  in  the 
museum  of  Professor  Chiene.  Chihl.  First  permanent  molar 
and  1st  bicuspid  erupted  on  each  side ;  2nd  milk  molar  in  place, 
also  the  milk  canines.  The  two  milk  central  incisors  had  beeu 
shed,  and  the  permanent  incisors  were  appearing  in  their  place, 
but  the  left  lateral  milk  incisor  was  in  front  of  the  correspond- 
ing canine.  Between  the  right  milk  canine  and  the  cleft  was 
the  small  crown  of  a  milk  pi^ecanine,  which  projected  close  up 
to  the  cleft. 

10.  Right  Alveolar  and  Mesial  Palatal  Cleft.— Q^l^I  iu  the 
museum  of  Mr  Bowman  Macleod,  L.D.S.  Youth,  set.  16.  On 
each  side  the  1st  and  2nd  permanent  molars,  both  bicuspids 
and  the  permanent  canines  were  erupted.  Three  permanent 
incisors  had  beeu  present  in  the  interval  between  the  left  caniue 
and  the  cleft,  but  the  right  central  incisor  had  been  extracted 
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before  the  cast  was  taken.  Immediately  to  the  right  side  of» 
i.e.t  external  to  the  cleft,  was  a  tooth  which  obviously  repre- 
sented a  right  precanine,  though  it  was  displaced  from  its  proper 
order  in  the  dentary  arcade,  and  had  erupted  on  the  palatal  side 
of  the  right  canine. 

11.  Eight  Alveolar  and  Mesial  Palatal  Cleft. — Cast  in  the 
museum  of  Mr  Andrew  Wilson,  L.D.S.  Permanent  dentition. 
The  molars,  bicuspids,  and  canines  on  each  side  were  erupted. 
Between  the  left  canine  and  the  cleft  were  the  two  central 
incisors  and  the  left  lateral  incisor.  Between  the  right  canine 
and  the  cleft  was  a  precanine,  the  crown  of  which  was  small, 
and  overlapped  the  cleft  It  was  somewhat  displaced  from  its 
proper  order  in  the  dentary  arcade,  and  was  in  part  situated  on 
the  palatal  side  of  the  right  caniue. 

12.  Bight  Alveolar  and  Mesial  Palatal  Cleft. — Cast  in  the 
museum  of  Professor  Anuandale.  Transitional  dentition.  No 
precanine  was  situated  in  the  interval  between  the  right  canine 
and  the  cleft. 

13.  Double  Alveolar  and  Mesial  Palatal  Cleft. — This  very  in- 
teresting case  occurred  in  the  practice  of  Dr  Joseph  Bell,  who 
removed  the  projecting  intermaxillaries  with  their  incisor  teeth. 
Before  this  operation,  a  cast  of  the  roof  of  the  mouth  was  taken 
by  Mr  A.  Wilson,  L.D.S.,  who  has  kindly  lent  me  both  the  cast 
and  intermaxillary  bones  for  examination.  The  patient  was 
about  17  years  of  age,  and  presented  on  each  side  a  deep 
alveolar  cleft  which  joined  posteriorly  a  mesial  palatal  cleft. 
The  projecting,  isolated,  and  mesially-placed  intermaxillaries 
were  fused  together  into  a  single  bone,  and  contained  four 
incisor  teeth,  the  two  central  of  which  were  directed  vertically 
and  with  their  crowns  honeycombed;  whilst  the  two  lateral 
projected  almost  horizontally  outwards,  each  at  its  own  side. 
liehiud  the  cleft  on  each  side  were,  from  behind  forwards,  the 
lit  and  2nd  permanent  molars,  though  the  crown  of  the  1st  was 
decayed,  two  bicuspids  and  the  permanent  canine,  but  on  the 
left  side  the  temporary  canine  was  still  present  in  the  dentary 
arcade  between  the  permanent  canine  and  1st  bicuspid.  On 
each  side,  also,  a  small  precanivs  tooth  projected  about  4  mm. 
b  'yond  the  gum  in  the  interval  between  the  permanent  canine 
ajd  the  alveolar  cleft,  and  close  to  the  outer  side  of  the  cleft. 
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14.  Double  Alveolar  and  Mesial  Palatal  CUft, — Cast  from  the 
museum  of  Mr  Bowman  Macleod,  L.D.S.  The  intermaxillary 
bones  had  been  removed  during  early  infancy.  The  cast  was 
taken  when  the  permanent  molars,  bicuspids,  and  canines  had 
erupted.  Ko  precanine  tooth  was  present  on  either  side,  and,  as 
the  intermaxillaries  had  been  removed,  there  were  no  represeuta- 
tives  of  incisor  teebh. 

15.  DoMe  Alveolar  and  Mesial  Palatal  CUft. — Cast  in  the 
museum  of  the  Dental  Hospital,  London.  The  conjoined  and 
isolated  intermaxillaries  showed  no  evidence  of  incisor  teeth. 
The  first  permanent  molar  on  each  side,  both  the  milk  molars 
and  milk  canine,  were  erupted.  On  each  side  a  distinct 
precanine  tooth  was  situated  between  the  milk  canine  and  the 
cleft. 

The  casts  above  described  are  fifteen  in  number,  and  of  these 
eight  are  left-sided,  four  right-sided,  and  three  double  clefts. 
The  greater  frequency  of  the  alveolar  cleft  on  the  left  than  on 
the  right  side  is  in  accordance  with  previous  observations  on  the 
same  subject,  for  Th.  Kolliker  states^  that  of  165  cases  of  one- 
sided cleft  recorded  in  teratological  literature,  113  were  on  the 
left  side,  and  only  52  on  the  right  side.  It  would  seem,  there- 
fore, as  if  in  this  region  of  the  face  the  development  of  both  the 
bones  and  soft  parts  is  more  likely  to  be  incomplete  on  the  left 
than  on  the  right  side  of  the  mesial  plane. 

In  the  eight  specimens  of  left  alveolar  cleft  with  one  excep- 
tion, in  the  four  right  alveolar  clefts  with  one  exception,  and  in 
the  three  double  clefts  also  with  one  exception,  a  precanine 
tooth  existed  in  the  interval  between  the  canine  and  the  cleft, 
although  it  was  in  three  cases  displaced  to  the  palatal  side  of  the 
canine,  so  that  in  only  three  of  the  fifteen  specimens  did  the 
canine  tooth  form  the  immediate  boundary  of  the  cleft  on  its 
outer  sida  In  the  specimens  of  single  cleft  in  which  a  pre- 
canine was  present  on  the  side  on  which  the  cleft  existed, 
two,  three,  and  in  one  case  four  incisors  were  situated  in  the 
intermaxillary  region  between  the  cleft  and  the  canine 
on  the  opposite  side.      In  one  of  the  cases  of  double  cleft, 

^  "  Ueber  das  Os  intermaxillare  des  Mensclien  und  die  Anatomie  der  Hasen- 
scharte  und  des  Wolfsrachens,"  JVova  acta  der  Leop,  Carol.  Akad,  der  NatW' 
fursehen,  Bd.  xliii.,  Halle,  1882. 
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four  large  inciBors  projected  from  the  conjoined  intermaxil- 
lanes,  and,  in  addition,  a  precanioe  tooth  was  present  on  each 
side. 

In  his  elaborate  and  important  memoir  on  the  development 
and  anatomy  of  the  intermaxillary  bones,  Dr  Th.  EoUiker  has 
given  an  account  of  the  relations  of  the  teeth  to  the  alveolar 
fissnre  or  fissures  in  forty-nine  wet  or  dry  preparations  which 
he  has  examined  in  several  of  the  museums  in  Germany. 
Twenty-eight  of  these  specimens  had  a  cleft  on  both  sides, 
sixteen  had  the  cleft  on  the  left  side  only,  and  five  on  the 
right. 

In  the  sixteen  left-sided  clefts  there  was  no  tooth  in  two 
specimens  between  the  canine  and  the  cleft  In  fourteen  speci* 
mens  such  a  precanine  tooth  was  present ;  in  nine  of  these  cases 
this  precanine  coexisted  with  three  incisors  situated  on  the 
opposite  side  of  the  cleft,  so  that,  including  the  precanine,  the 
incisors  had  the  normal  number,  four ;  whilst  in  the  remaining 
five  cases  this  precanine  was  an  additional  tooth  on  the  side  on 
which  the  cleft  occurred,  and  the  number  of  incisors  was  raised 
to  five. 

In  the  five  right-sided  clefts  there  was  no  tooth  in  two  speci- 
mens between  the  canine  and  the  cleft ;  in  one  a  precanine  co- 
existed with  three  incisors  on  the  opposite  side  of  the  cleft; 
in  one  the  precanine  was  an  additional  tooth  on  the  side  on 
which  the  cleft  occurred,  and  the  number  of  incisors  was  raised 
to  five ;  in  one  very  remarkable  specimen  no  less  than  three 
precanine  teeth  were  interposed  between  the  right  canine  and 
the  cleft,  and  four  incisors  were  situated  between  the  cleft  and 
the  left  canine  tooth,  so  that  the  teeth  lying  between  the 
opposite  canines  were  seven  in  number. 

In  the  twenty-eight  specimens  of  double  cleft,  there  was  no 
tooth  in  six  specimens  between  the  canines  and  the  clefts ;  in 
three  specimens  a  precanine  was  present  on  one  side  only ;  in 
nineteen  specimens  the  precanine  was  present  on  both  sides.  In 
some  of  these  nineteen  specimens  the  precanine  brought  the 
incisors  up  to  the  normal  number,  four ;  but  in  other  specimens 
it  formed  an  additional  tooth  in  the  incisor  series,  and  in  five 
specimens  there  were  six  teeth  interposed  between  the  opposite 
canines,  viz.,  four  in  the  isolated  and  projecting  intermaxillary 
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bones,  and  one  on  each  si'Ie  between  the  canine  tootli  anl  die 
f;left.i 

Dr  Kolliker's  forty-nino  prepu rations  and  my  fifteen  casts 
make  in  all  sixty-four  Bpecimcns  in  which  the  relations  of  the 
plveolar  cleft  to  the  teeth  have  been  definitely  obaerved.  These 
specimens  resolve  themselves  into  two  groups — a,  one  in  which 
no  precanine  tooth  intervened  between  the  canine  and  the  cleft, 
^nd  in  this  group  were  thirteen  specimens ;  &,  one  in  which  a 
precanine  was  situated  between  the  canine  and  the  cleft,  and 
this  consisted  of  fifty-one  specimens.  Obviously,  therefore, 
much  the  larger  number  of  persons  w4th  the  alveolar  form  of 
cleft  palate  possess  a  tooth  in  front  of  the  canine,  which  is  cut 
o£f  from  the  incisor  series  of  teeth  by  the  gap  in  the  border  of 
the  jaw.  The  question  therefore  arises  as  to  the  nature  of  this 
precanine  tooth. 

A  well-known  principle  has  long  been  accepted  by  anatomists, 
that  all  the  teeth  situated  in  front  of  the  canines  are  incisor 
teeth,  and  that  all  those  teeth  which  occupy  this  position  in  the 
npper  jaw  are  implanted  in  the  intermaxillary  bones.  Hence, 
the  expressions  incisor  and  intermaxillary  are  synonymous  terms 
for  these  teeth  in  the  upper  jaw.  If  this  principle  be  applied  to 
the  determination  of  the  nature  of  the  precanine  tooth  in  alveolar 
cleft  palate  it  would  have  to  be  called  an  incisor  tooth.  But  the 
precanine  is  cut  ofi'  from  the  other  incisor  teeth  by  the  cleft  in 
the  border  of  the  jaw,  and  it  would  therefore  follow  that  the 
intermaxillary  bone  would  also  be  divided  into  an  inner  and  nn 
outer  portion  by  the  cleft,  that  the  precanine  tooth  would  be 
situated  in  the  outer  division  of  that  bone,  and  that  the  cleft 
would  lie,  therefore,  between  the  two  divisions  of  the  inter- 
maxilla  and  not  between  the  inter-  and  superior  maxilla.  This 
is  the  position  assumed  by  Dr  Albrecht,  and  granting  the 
accuracy  of  the  principle  that  all  precanine  teeth  are  necessarily 
intermaxillary  in  their  implantation,  the  specimens  belonging  to 
group  h  might  all  be  cited  in  support  of  his  position.  The 
specimens  of  double  cleft  palate  in  which  four  incisor  teeth 

^  Professor  Humphry,  in  his  well-known  treatise  on  the  Human  Skeletont  l>u 
figured  (plate  ziii.  fig.  1)  a  specimen  of  double  cleft  palate  in  the  human  skull. 
On  each  side  a  precanine  tooth  had  erupted,  which  he  describes  as  a  supemume* 
rary  canine. 
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projected  from  the  intermaxillary  bones  (case  13),  and  a  pre- 
canine  tooth  also  existed  on  each  side,  are  in  no  way  opposed  to 
this  position,  although  the  presence  of  the  normal  number  of 
incisors  in  that  region,  which  is  undoubtedly  intermaxillary, 
might  at  a  first  glance  seem  to  be  so.  For  not  only  is  six  a  very 
common  number  of  upper  incisors  in  various  mammals/  but,  as 
is  well  known  to  dental  surgeons,  three  incisor  teeth  are  some- 
times developed  on  each  side  of  the  human  upper  jaw  when 
there  is  no  alveolar  cleft  I  have  now  before  me  the  casts  of 
two  otherwise  normal  palat.es  taken  from  different  persons  by  Mr 
Andrew  Wilson,  LD.S. — one  with  the  milk,  the  other  with  the 
permanent  dentition,  in  each  of  which  six  upper  incisor  teeth  had 
been  developed.  The  question  therefore  naturally  arises.  Which 
of  these  teeth  is  suppressed  in  the  normal  incisor  dentition  in 
man  ?  Some  light  is  thrown  on  this  question  by  these  cases  of 
alveolar  cleft  In  the  cases  of  double  cleft,  with  two  incisors  in 
each  half  of  the  projecting  intermaxillaries,  these  teeth  would  be 
in  dental  notation  In  ^,  In  \  whilst  the  precanine  would  be  In  \ 
But  in  many  cases  of  alveolar  cleft,  mure  especially  when  it  is 
one-sided,  only  one  incisor  tooth  exists  between  the  mesial  suture 
and  the  cleft,  whilst  a  precanine  is  present  in  its  outer  side. 
The  precanine,  as  in  the  preceding  example,  would  be  In^ 
whilst  the  incisor  situated  mesially  to  the  cleft  would  in  the 
majority,  if  not  all,  of  cases  without  doubt  be  In  ^ ;  the  suppressed 
incisor  therefore  would  be  In  ^  and  it  is  not  unlikely  that  in 
normal  human  dentition  the  incisor  which  does  not  develop  is 
also  In  ^ 

This  view  of  the  homology  of  the  precanine  tooth  and  of  the 
normal  lateral  incisor — viz.,  that  it  is  In  ' — is  also  advocated  by 
Dr  Albrecht^  Dr  Th.  Kolliker,  however,  has  not  apparently 
formed  any  exact  conception  of  its  homology;  for  although  he 
sometimes  refers  to  it  as  In  ',  at  others  he  speaks  as  if  it  reprc- 

^  From  the  investigations  of  Mr  Spence  Bate,  poblished  in  Trcms.  Odonio- 
logieal  Sot,  Zondon,  yol.  v.,  it  would  appear  that  in  the  mole,  Talpa  europcea,  four 
teeth  are  dereloped  in  each  intermaxillary  bone,  an  example,  therefore,  in  a 
placental  mammal  of  eight  upper  incisors,  though  Mr  Spence  Bate  himself  speaks 
of  the  outermost  incisor  as  a  canine  tooth.  The  ease  related  by  Dr  Tb.  Kolliker, 
in  which  seven  teeth  were  situated  in  the  human  upper  jaw  between  the  opposite 
canines,  is  therefore  an  approximation  to  the  arrangemnet  in  the  mole. 

'  Sur  U$  4o8  imUrmaxUlaireay  ix.,  Bruxelles,  1888. 
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seated  the  ordinary  lateral  incisor,  which  incisor  he  obviously 
regards  as  a  different  tooth  from  In  ^ 

Moreover,  KoUiker  disputes  the  position  that  the  relation  of 
the  teeth  to  the  cleft  in  alveolar  cleft  palate  can  enable  us  to 
determine  whether  the  cleft  is  a  gap  in  the  intermaxillary  bone 
or  a  cleft  between  the  intermaxilla  and  the  superior  maxilla. 
For  the  teeth  and  the  jaw  are,  he  says,  quite  independent  of  each 
other  in  the  early  stages  of  their  development,  and  only  become 
related  to  each  other  secondarily,  as  the  processes  of  tooth  forma- 
tion and  bone  formation  respectively  advance.  The  independence 
of  these  two  processes  in  their  early  stages  will,  I  should  say,  be 
generally  admitted.  No  one  probably  would,  from  the  study 
merely  of  such  a  series  of  casts  as  I  have  described,  without  at 
the  same  time  having  had  the  opportunity  of  examining  the 
jaws,  have  come  to  the  conclusion  that  the  cleft  was  not^  as 
Goethe  taught,  in  the  maxillo-intermaxillary  interval,  but,  as 
Albrecht  now  teaches,  within  the  intermaxillary  itself.  Though 
the  fact  that,  in  so  large  a  proportion  of  the  casts,  an  incisor  tooth 
was  situated  on  the  canine  side  of  the  cleft  could  scarcely  be 
without  some  significance,  and  from  the  frequency  of  its  occur- 
rence, should  not  be  regarded  as  a  mere  accidental  displacement 
of  a  tooth  germ. 

Albrecht  has,  however,  had  the  advantage  of  examining  several 
skulls  in  which  the  alveolar  cleft  was  seen  to  separate  the  inter- 
maxilla into  an  inner  and  an  outer  part,  each  carrying  its  appro- 
priate incisor  or  incisors.    In  addition  to  the  skulls  of  the  horse 
and  the  calves  referred  to  in  his  first  essay  on  this  subject,  he 
has  since  described  and  figured  an  adult  human  skull  in  the 
University  of  Kiel,  in  which  a  right  cleft  existed  in  the  corre- 
sponding intermaxilla,  and  the  right  maxillo-intermaxillary  suture 
co-existed  with  and  was  quite  distinct  from  the  cleft ;  a  new-bom 
infant  with  double  cleft,  in  which  the  same  suture  was  present; 
the  jaw  of  a  child  about  one  year  old,  in  the  museum  at  Ghent, 
in  which,  with  a  left  cleft  in  the  corresponding  intermaxilla,  a 
left  maxillo-premaxillary  suture  was  present.    In  all  these  cases 
the  part  of  the  intermaxilla  which  was  situated  to  the  outside  of 
the  cleft  contained  the  socket  for  the  precanine  incisor.    One 
must  therefore  accept  the  conclusion,  that  the  anatomical  evi- 
dence justifies  the  statement  that,  in  a  proportion  of  cases  of 
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alveolar  cleft  palate,  the  cleft  lies  within  the  intermaxilla,  the 
cleft  coexists  with  the  maxillo-iDtermaxillary  suture,  and  an 
incisor  tooth  is  situated  in  the  interval  between  the  cleft  and  the 
canine  of  the  same  side. 

But  I  have  stated  in  an  earlier  part  of  this  paper  that  there  is 
a  group  of  cases  (a)  of  alveolar  cleft  (ante,  p.  206)  in  which  no 
precanine  tooth  intervened  between  the  canine  and  the  cleft 
In  some  of  these  only  two  or  three  incisors  were  present,  but  in 
others  four  incisors  were  situated  in  the  region  between  the  cleft 
and  the  opposite  canine.  It  is  not  improbable  that  these  cases 
may  be  examples  of  a  cleft  occurring  in  the  plane  of  the  maxillo- 
intermaxillary  suture,  and  not  within  the  intermaxilla  itself. 
Wherever  a  suture  exists,  there,  of  course,  a  possibility  of  an  im- 
perfect union  of  the  two  bones  may  arise.  Should  the  bones 
remain  separate,  and  should  the  want  of  union  be  accompanied 
by  a  non-closure  of  the  superjacent  soft  parts,  then  the  imperfect 
development  would  lead  to  the  production  of  a  cleft  in  the 
alveolar  region,  and  the  theory  of  Goethe  would  therefore  be 
applicable  to  such  cases. 

For  many  years  the  existence  of  the  intermaxillary  part  of 
the  human  upper  jaw  as  an  element  distinct  from  the  superior 
maxilla  rested  rather  on  general  anatomical  considerations  than 
on  embryological  data.  Even  so  recently  as  December  1858, 
M.  Em.  Bousseau,  in  a  paper  in  the  Comptea  £endu8,  was  of 
opinion  that,  in  the  normal  ossification  of  the  upper  jaw,  there 
was  no  evidence  that  the  intermaxilla  had  a  centre  of  ossification 
distinct  from  the  superior  maxilla,  and  a  similar  view  was  ex- 
pressed by  Dr  Cleland.^  Dr  Joseph  Leidy  had,  however,  pub- 
lished some  years  previously^  a  short  account  of  a  dissection 
which  he  had  made  of  a  human  embryo  1  inch  11  lines  in 
length  from  vertex  to  heel,  and  which  he  believed  to  be  nine  or 
ten  weeks  old.  He  found  the  intermaxilla  in  apposition  with 
the  superior  maxilla  for  l|d8  of  a  line;  but  they  were  easily 
separable  at  this  period  along  the  plane  of  a  suture  which  passed 
through  the  alveolar  ridge  between  the  incisor  and  canine  alveoli, 
and  which  divided  the  nasal  process  into  two  nearly  equal  por- 

1  "  On  the  Relations  of  the  Tomer,  Ethmoid  and  Intermaxillary  Bones,"  FhU. 
Trans,,  1861. 
>  Frac  Acad,  Nai,  Sc,  Philadelphia,  1848-49,  p.  145. 
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tions.     Dr  Leidy's  observations  did  not,  probably  owing  to  the 
periodical  in  which  they  appeared  not  having  much  circulation 
in  Europe,  for  many  years  attract  attention.     Mr  G.  W.  Cal- 
lender  furnished  some  important  observations  *  on  this  subject 
several  years  afterwards.     He  described  in  a  foetus,  2*3  inches 
long,  a  smooth  plate  of  bone  as  passing  forwards  from  the  base 
of  the  nasal  process  of  the  superior  maxilla,  and  he  called  this 
plate  the  "incisor  process."     The  intermaxilla,  he  stated,  "con- 
sists of  deposits  of  bone  about  the  posterior  edge  of  the  incis4)r 
process,  which  subsequently  grow  down  to  form  the  plate  of 
bone  on  the  inner  side  of  the  middle  incisor  socket,  and  the 
posterior  wall  of  the  incisor  sockets  below  and  internal  to  the 
course  of  the  incisor  branches  of  the  dental  nerve."     In  a  foetus 
4'4  inches  long,  "  the  intermaxilla  is  completely  formed,  and  may 
be  traced  as  a  distinct  bone."     It  forms  the  front  of  the  palate, 
and  fills  up  the  notch  between  the  incisor  and  palatal  processes 
of  the  superior  maxilla ;  it  also  possesses  '*  a  narrower  portion, 
which  ascends  and  fits  by  a  convex  surface  into  the  groove  of 
the  nasal  process,  ending  above  at  the  ridge  for  the  tnrbinate 
bone,  part  of  which  ridge  it  forms."     Callender  accounts  for  the 
absence  of  all  trace  of  the  human  intermaxilla  on  the  facial 
aspect  of  the  upper  jaw  by  the  bone  being  shut  off  from  the  face 
by  the  nasal  and  incisor  processes  of  the  superior  maxilla.    '*  It 
is  joined  to  the  superior  maxilla  during  the  latter  part  of  the 
fifth  or  beginning  of  the  sixth  month."    But  the  independence 
of  the  intermaxilla  in  its  earliest  stage  has  also  been  demonstrated 
by  Dr  Th.  KolUker  in  his  essay  already  so  frequently  referred  to. 
By  adopting  a  process  very  similar  to  that  recommended  a 
number  of  years  ago  by  Dr  Lionel  Beale,*  for  the  purpose  of 
studying  the  stages  of  ossification  in  the  early  embryo,  of  render- 
ing the  soft  tissues  transparent  by  digesting  the  foetus  in  a 
solution  of  caustic  alkali,   Eolliker  has  seen  the  centres  ot 
ossification  in  the  upper  jaw  withont  any  disturbance  of  their 
natural  relations.     He  has  described  and  figured  the  head  of 

1  «  The  Formation  and  Early  Growth  of  the  Bones  of  the  Human  Face,"  I^iL 
Trans,  y  1868. 

>  Beale*s  Archives  of  Medicine,  vol.  L  p.  150,  1859.  Dr  Beale's  fonnnla  is 
eight  or  ten  drops  of  solution  of  caustic  soda  in  each  ounce  of  alcohoL  A  foetus 
soaked  for  a  few  days  in  this  fluid,  and  then  preserved  in  spirit,  forms,  he  says,  s 
very  beautiful  preparation. 
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au  embryo  at  al)Ou^  the  eighth  week,  in  which  the  centra  for 
the  iutermaxilla  was  quite  separate  from  that  whicli  gave 
origiQ  to  the  superior  maxilla. 

R  The  Hard  Pulate  where  there  toas  no  Cleft. — The  object  of 
examiulDg  the  har  J  palate  where  there  was  no  cleft  was  to  ascer- 
tain if  any  suture,  or  the  remains  of  a  suture,  could  bo  seen  in 
its  anterior  part,  immediately  behind  the  incisor  teeth,  to  imli- 
cite  that,  as  Dr  Albrecht  contends,  the  incisive  or  intermaxillary 
element  of  the  human  upper  jaw  had  originally  consisted  of  two 
bones  on  each  side,  a  mesial  or  internal,  and  a  lateral  or  external. 

As  is  well  known,  it  is  not  uncommon  to  find  in  young  human 
skulls,  and  less  frequently  in  adult  palates,  the  remains  of  the 
incisive  suture  which  Goethe  recognised  as  connecting  the  inter- 
maxillary element  of  the  upper  jaw  to  the  superior  maxillary 
element  Th.  KoUiker,  who  has  especially  looked  into  this 
matter  statistically,  states  that  he  has  seen  the  maxillo-inter- 
maxillary  suture,  or  the  remains  of  it,  ninety-six  times  in  325 
adult  crania  which  he  has  examined. 

The  authors  cited  by  Albrecht  in  his  first  communication  on 
this  subject,  Albrecht  himself,  and  ^subsequently  Professor  Her- 
mann y.  Meyer,  have  referred  to  crania  in  which  the  remains  of 
an  intra-incisive  (endo-mesognathic)  suture  were  also  seen; 
and  Albrecht  has  figured^  the  hard  palate  of  a  child  about 
five  years  old,  in  which  the  mesial  palatal  suture,  a  pair  of 
lateral  maxillo-intermaxillary  sutures,  and  a  pair  of  intra-incisive 
sutures  were  visible.  The  observations  which  I  shall  now  refer 
to  enable  me  also  to  state  that  a  narrow  fissure  in  each  inter- 
maxilla,  which  together  apparently  represent  the  remains  of  a 
pair  of  intra-incisive  sutures,  may  occasionally  be  seen  in  the 
hard  palates  of  both  young  and  adult  human  crania,  in  conjunc- 
tion with  a  pair  of  maxillo-intermaxillary  sutures, 

cu  Superior  maxillae ;  milk  dentition.  A  maxillo-intermaxillary 
suture  visible  on  palate,  floor  of  nose,  and  nasal  aspect  of  ascend- 
ing process  of  superior  maxilla.  A  short  intra-incisive  fissure 
on  the  palatal  aspect,  branched  off  from  the  maxillo-premaxillary 
suture  2  mm.  from  the  mesial  palatal  suture,  and  external  to  the 
naso-palatine  (incisive)  canal;  it  extended  for  2  mm.  in  the 
direction  of  the  interval  between  the  central  and  lateral  incisor, 

'  DeuUehe  ZeitscK  fUr  Ckirurgie,  1844. 
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but  did  not  reach  the  alveolar  border.  It  did  not  extend  through 
to  the  nasal  surface  of  the  bone. 

b.  Superior  maxillse;  milk  dentition.  Arrangement  similar  to 
that  described  in  a. 

e.  A  similar  preparation^  but  the  fissure  in  the  right  bone 
extended  for  between  4  and  5  mm.  on  the  palatal  aspect,  and 
reached  the  interval  between  the  orifices  for  the  gubernacula  of 
the  permanent  central  and  lateral  incisor  teeth. 

d.  A  similar  preparation,  where  there  was  only  an  indication 
of  an  intra-incisive  fissure  scarcely  1  mm.  long  on  the  palatal 
aspect  of  the  upper  jaw. 

e.  Superior  maxillae,  in  which  all  the  permanent  teeth  were 
erupted  except  the  wisdoms.  Maxillo-premaxillary  sature 
visible  both  on  the  hard  palate  and  on  the  nasal  surface  of  the 
bone.  An  intra-incisive  Ossure  branched  off  from  it,  and  ex- 
tended for  2  mm.  in  the  direction  of  the  interval  between  the 
central  and  lateral  incisor. 

/.  Eight  superior  maxilla.  All  the  permanent  teeth  erupted. 
The  maxillo-premaxillary  suture  was  visible  on  both  the  palatal 
and  nasal  surfaces,  and  on  the  former  reached  the  alveolar  border. 
An  intra-incisive  fissure  arose  from  it  4  mm.  from  the  mesial 
palatal  suture,  and  extended  for  6  mm.,  so  as  to  reach  the 
alveolar  border  a  little  to  the  inner  side  of  the  septum  between 
the  central  and  lateral  incisor.  This  fissure,  as  in  the  other 
specimens,  was  not  visible  on  the  nasal  surface. 

The  place  of  origin  of  the  intra-incisive  fissure  in  the  majority 
of  the  specimens  was  from  the  maxillo-premaxillary  suture 
external  to  the  incisive  canal,  which  canal,  therefore,  on  the 
theory  that  the  intermaxilla  consists  of  an  inner  and  an  outer 
division,  would  lie  in  relation  to  the  inner  division  close  to  the 
articulation  between  it  and  the  superior  maxilla.  In  one  in- 
stance the  intra-incisive  fissure  penetrated  into  the  naso-palatine 
canaL  Obviously,  therefore,  some  condition  arising  during  the 
development  of  the  bone  determined  the  origin  and  direction  of 
the  fissure  in  question.^ 

Th.  XoUiker,  who,  as  already  stated,  is  opposed  to  Albrecht's 
theory  of  the  double  constitution  of  the  intermaxilla,  has  recog- 

^  A  detailed  description  of  the  aaso-palatine  canal  in  man  is  given  by  Prof.  H. 
Leboucq  in  Archives  dc  Biologie,  voL  ii.,  1881. 
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nised  similar  fissarea  on  the  hard  palate  as  many  as  five  times, 
he  says,  in  the  skulls  of  thirty  children.  But  he  r^^ards  these 
fissures  not  as  sutures,  but  as  vascular  furrows  conneoted  with 
the  distribution  of  the  anterior  palatine  vessels.  As  a  rule, 
however,  the  intra-iucisive  fissure  in  my  specimens  did  not 
arise  from  the  anterior  palatine  fossa,^  but  from  a  definite  point 
in  the  maxillo-intermaxillary  suture  on  the  surface  of  the  hard 
palate.  The  intra-incisive  fissure  corresponded  closely  in  its 
character  with  the  maxillo-intermaxillary  suture,  with  which  it 
was  continuous ;  so  that,  as  far  as  one  can  judge  from  similarity 
in  appearance,  if  the  latter  is  a  suture,  which  every  one  admits, 
then  the  former  may  be  fairly  regarded  as  one  also. 

What  is  yet  wanted,  however,  in  order  to  give  completeness  to 
the  evidence  of  the  division  of  the  intermaxillary  bone  into  an 
inner  and  an  outer  part,  is  the  discovery  that  the  intermaxillary 
bone  normally  rises  from  two  distinct  centres  of  ossification, 
one  for  the  inner,  the  other  for  the  outer  part    Of  this  we  have 
at  present  no  evidence.    But,  in  connection  with  this  matter,  we 
ought  not  to  forget  that  it  is  quite  recently  that  the  embryological 
evidence  of  the  origin  of  the  intermaxillary  part  of  the  human 
upper  jaw  from  a  centre  distinct  from  that  of  the  superior 
maxilla  has  been  completed.    And  yet  for  nearly  a  century, 
on  soch  minor  evidence  as  was  advanced  by  Goethe,  viz., 
the  suture  on  the  hard  palate  extending  through  to  the  nasal 
surface,  anatomists  have  believed  and  taught  that  the  human 
upper  jaw  represented  both  the  superior  and  intermaxillary 
bones  in  any  other  mammaL    Where  a  question  in  human 
embryology  hinges  upon  an  examination  of  parts  in  a  very  early 
stage  of  development,  we  often  have  to  wait  for  many  years 
before  an  appropriate  specimen  falls  into  the  hands  of  a  com- 
petent observer. 

I  prefer  to  call  the  laigo  foramen  in  the  hard  palate  hehind  the  incisor  teeth 
the  anterior  palatine  fossa,  whibt  the  lateral  foramen  opening  into  it  on  each  side 
is  the  incisive  or  naso-palatine  canal,  or  canal  of  Stenson,  and  the  two  foramina 
in  the  mesial  suture  are  the  foramina  of  Scarpa. 


THE  DUMB-BELL-SHAPED  BONE  IN  THE  PALATE 
OF  OBNITHOBHYNCHVS  COMPARED  WITH  THE 
PRENASAL  BONE  OF  THE  PIG.i  By  Professor 
W.  TuENEB,  M.B.,  F.RS. 

As  an  additional  argument  in  support  of  his  view  that  the 
intermaxillary  bone  consists  of  an  inner,  or  mesial,  and  an  outer, 
or  lateral  part,  Dr  Albrecbt  refers  to  the  arrangement  of  the 
bones  of  the  beak  of  OmUharhynchiLs  paradoxus.  All  anatomists 
have  recognised  as  intermaxillary  bones  the  pair  of  bones 
articulating  with  the  nasals  and  superior  maxillae,  which  form 
the  anterior  end  of  the  beak  of  this  animal,  and  which  curve 
inwards  in  front,  but  do  not  meet  mesially.  Rudolphi  de- 
scribed^ them  as  the  outer  intermaxillaries,  and  gave  the  name 
of  inner  intermaxillary  to  an  ossicle  situated  on  the  palate,  and 
separated  from  the  outer  intermaxillary  by  a  considerable 
interval.  J.  F.  Meckel  described  this  ossicle  as  an  unsymmetrical 
8-shaped  bone*  attached  by  membrane  to  the  anterior  end  of  the 
palatal  portion  of  the  superior  maxilla,  and  he  also  considered 
it  as  a  division  of  the  intermaxilla.  Sir  Richard  Owen  regarded^ 
this  detached  intermediate  bone  as  a  separate  centre  of  ossifica- 
tion of  the  palatine  process  of  the  intermaxillaries.  Albrecbt 
has  also  examined  this  ossicle,  and  has  pointed  out  that  the 
incisive  or  naso-palatine  canal  opens  on  each  side  of  it.  He 
considers  that  its  position  between  these  two  canals  incontestably 
demonstrates  it  to  be  the  two  internal  intermaxillary  bones 
united  together,  and  he  calls  it  Fos  paradoxe.  As  this  bone  is 
separated  on  each  side  from  the  outer  intermaxilla,  Albrecbt 
regards  the  OrnUhorhyiichus  as  having  normally  a  submucous 
double  maxillary  cleft  and  four  intermaxillary  bobes. 

Since  reading  Albrecht's  paper,  I  have  examined  both  a  care- 
fully prepared  skull  and  a  recent  dissection  of  the  head  of 

^  SuT  la  FenU  maadllaire  et  les  i  as  ijUemiaxillaries  de  rOmithorynque, 
Bruxelles,  1888. 
'  Quoted  by  Meckel  and  Albrecbt. 

*  System  der  vergleichenden  AruU.,  Bd.  2,  Ab.  2,  1825;  and  Descr,  A^tal. 
Omitkorhynchi  paradoocit  Lepei®,  1826. 

*  **  Monotremata  "  in  Todd's  Cydopcsdia,  vol  ill 
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OrniilwrhynchtLs,  with  the  view  of  studying  the  relations  of  this 
ossicle.  It  is  exposed  by  reflecting  the  mucoos  membrane  of 
the  anterior  part  of  the  roof  of  the  mouth.  In  shape  it  resembles 
a  dumb-bell,  in  which  the  more  posterior  of  the  two  swellings  is 
larger  than  the  more  anterior.  It  is  not  a  single  mesial  bone, 
but  consists  of  two  symmetrical  and  lateral  halves  united  mesially 
by  a  suture,  the  line  of  which  may  be  seen  on  the  palatal  surface 
of  the  bone,  though  the  two  halves  obviously  become  fused  to- 
gether at  a  comparatively  early  period  of  life.  This  dumb-bell- 
shaped  bone  is  situated  iu  the  hinder  part  of  a  fibrous  mem- 
brane, which  is  attached  behind  to  the  anterior  free  border  of 
the  palute  plate  of  each  superior  maxilla,  on  each  side  to  the 
inner  border  of  the  intermaxilla,  and  in  front  it  fills  up  the 
interval  hetiveen  the  recurved  tips  of  the  iuterniaxillae.  Tliis 
membrane,  therefore,  prolongs  the  palate  forwards  to  the  tip  of 
the  beak.  The  edge  of  the  dumb-bell  bone  is  surrounded  by  tlie 
membrane,  aud  is  attached  by  it  to  the  anterior  free  border  of 
the  palate  plate  of  the  superior  maxilla. 

The  upper  surface  of  the  dumb-bell  bone  lies  immediately 
subjacent  to  the  anterior  somewhat  expanded  end  of  the  voni'jr, 
which  is  fused  with  it  along  its  mesial  line. 

Opening  on  the  surface  of  the  palate  immediately  superficial  to 
the  concave  lateral  border  of  the  dumb-bell  bone,  is  the  iucisive 
foramen,  which  lies  therefore  iu  the  interval  between  it,  the 
superior  maxilla  and  the  intermaxilla  forming  the  anterior  end 
of  the  beak.  A  bristle  readily  entered  the  iucisive  foramen,  and 
could  without  difficulty  be  passed  backwards  for  some  distance. 
It  did  not,  however,  lie  in  the  cavity  of  the  nose,  but  iu  u  distinct 
canal  situated  in  relation  to  tlie  septum  nasi.  Tiie  mmal  witli 
its  walls  formed  the  organ  of  Jacobson  in  this  auiniul.  When 
the  nasal  chamber  was  opened  into  a  ridge  was  seen,  which 
projected  transversely  from  the  side  of  the  nasal  septum,  nearly 
Imlf-way  across  the  nasal  chamber,  and  the  canal  of  Jacobson 
was  contained  in  this  ridge.  The  wall  of  this  canal  consists 
partly  of  cartilage  and  partly  of  membrane  continuous  with  the 
mucous  membrane  covering  the  nasal  septum. 

The  cartilage  formed  a  curved  plate  on  theupper  and  outer 
wall  of  the  canal,  but  below  it  was  apparently  deJicient,  as  the 
outline  of  the  bristle  within  it  could   be  distinctly  seen  beneath 
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the  mucous  membrana  In  its  relation,  therefore,  to  the  incisive 
foramen,  the  dumb-bell-shaped  bone  corresponded  with  that 
portion  of  the  palate  plate  of  the  intermaxillary  in  other 
Mammalia  which  lies  between  the  incisive  foramen  and  the 
mesial  palatal  suture.  It  would  further  seem  that  in  Omi- 
tluyrhynekus  the  ossification  of  the  fibrous  membrane  which  forms 
the  septum  between  the  nose  and  the  mouth  is  defective,  so  that 
the  more  anterior  part  of  the  roof  of  the  mouth  does  not 
undergo  an  ossifio  change,  but  remains  as  a  fibrous  membrane, 
except  in  the  limited  area  where  the  dumb-bell-shaped  bone  is 
produced. 

Some  anatomists  have,  however,  expressed  a  different  opinion 
on  the  homology  of  the  dumb-bell-shaped  bone.  In  his  Com^ 
parative  Anatomy  of  Vertebrates,  Sir  Bichard  Owen  ^  speaks  of 
it  as  a  small  prenasal  ossicle,  and  does  not,  as  in  his  previous 
article  "  Monotrematap"  associate  it  with  the  palatine  process  of 
the  intermaxilla.  Professor  Flower  regards  it'  as  situated  in 
the  triangular  interval  between  the  diverging  premaxillsd,  placed 
in,  or  in  front  of,  the  anterior  extremity  of  the  mesethmoid  carti- 
lage, and  apparently  corresponding  to  the  so-called  prenasal  of 
the  pig. 

I  felt  it  to  be  necessary,  therefore,  to  dissect  the  naso-palatine 
region  of  the  pig  in  order  to  compare  it  with  the  dissection  of 
the  OmUhorhynchus  just  described,  and  I  shall  now  give  a  short 
account  of  the  position  and  relations  of  the  prenasal  bone  in 
this  animal.  The  prenasal  of  the  pig  is  articulated  with  a  de- 
finite area  on  the  nasal  surface  of  the  alveolar  part  of  the  two 
intermaxillary  bones,  which  bones  articulate  with  each  other 
anteriorly  and  mesially.  It  curves  upwards  and  forwards  in 
front  of  the  anterior  end  of  the  vomer  and  the  anterior  end 
of  the  septal  cartilage,  to  the  latter  of  which  it  is  intimately  con- 
nected. By  its  upper  end  it  is  connected  with  the  cartilage 
which  forms  the  roof  of  the  anterior  nares.  It  has  no  relation 
whatever  either  to  the  palatal  aspect  of  the  mouth  or  to  the  in- 
cisive canal.  This  canal  in  the  pig  opens  in  the  usual  way  on 
the  roof  of  the  mouth  immediately  behind  the  upper  incisor 

'  Vol.  ii,  p.  822,  1866. 

«  Osteology  0/ ifamvialia,  p.  219,  2nd  ed.,  1876. 
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teeth.  Its  opening,  ^hen  the  soft  parts  are  in  place,  is  very 
small,  and  partially  concealed  by  a  projecting  fold  of  the  mucous 
membrane.  In  the  macerated  skull  it  is  seen  to  be  bounded 
externally  and  anteriorly  by  the  thick  alveolar  border  of  the 
intermaxilla,  posteriorly  by  the  anterior  border  of  the  palate 
plate  of  the  superior  maxilla,  and  internally  by  a  comparatively 
thin  plate  of  bone  which  the  intermaxilla  sends  back  from  the 
region  of  the  central  ineisor  tooth  to  join  the  palatal  plate  of  the 
superior  maxilla,  and  which  bounds  the  mesial  palatal  suture. 
This  plate  of  the  intermaxilla  and  not  the  prenasal  bone  corre- 
sponds  in  position  to  the  dumb-bell-shaped  bone  of  Ormtho- 
rhynchus. 

The  prenasal  bone  of  the  pig  therefore  has  a  very  different 
position  and  relation  from  the  dumb-bell-shaped  bone  of 
Omitharhynehus.  It  lies  in  front  of  the  vomer  Bud  mesethmoid 
septal  cartilage;  it  assists  in  bounding  the  anterior  nares;  it 
lies  on  a  plane  dorsad  to  the  premaxilla,  and  has  no  relation 
either  to  the  palate  or  naso-palatine  canaL  The  dumb-bell- 
shaped  bone,  on  the  other  hand,  is  inferior  to  the  vomer,  and  fused 
widi  its  inferior  border;  it  has  no  relation  to  the  anterior  nares; 
it  enters  into  the  constitution  of  the  hard  palate,  and  it  forms 
the  inner  boundary  of  the  entrance  into  the  naso-palatine  canaL 
In  its  position  and  relations  it  corresponds  with  that  part  of  the 
intermaxilla  which  lies  between  the  incisive  canal  and  the 
mesial  palatal  suture.  AU  these  facts  therefore  support  the 
opinion  advanced  so  many  years  ago  by  Budolphi,  by  J.  F. 
Meckel,  and  by  Owen,  in  lus  article  "  Monbtremata,"  and  to 
which  attention  has  anew  been  directed  by  Albrecht,  viz.,  that 
in  Omithorhyjickvs  the  intermaxilla  is  divided  into  two  bones  by 
a  considerable  interval, — ^an  outer  part  which  enters  into  the  for- 
mation of  the  beakf  and  an  inner  part  which  lies  on  the  palatal 
uspect  of  the  jaw,  in  front  of  palatal  plate  of  the  superior  maxilla, 
aod  in  relation  to  the  mesial  line  of  the  palate. 
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THE  INFRA-ORBITAL  SUTURE.    By  Professor  W.  Turner. 

M.B.,  F.RS. 

In  my  Report  on  the  Human  Crania,  collected  during  the  voyage 
of  H.M.S.  Challenger,^  I  described,  and  in  two  specimens  figured, 
the  presence  of  an  infra-orbital  suture  in  adult  Bush,  Australian, 
Admiralty  Island,  Sandwich  Island,  Chatham  Island,  and  New 
Zealand  crania.  This  suture  was  usually  denticulated.  It  was 
visible  on  the  face,  and  extended  from  the  infra-orbital  foramen, 
through  the  inferior  border  of  the  orbit,  and  passed  backwards 
through  the  roof  of  the  infra-orbital  canal ;  it  was  situated  im- 
mediately internal  to  the  malo-maxillary  suture. 

My  observations  on  the  orania  of  the  different  races  of  men 
have  shown  me  that  this  suture  is  not  limited  to  the  crania  of 
exotic  and  uncivilised  races,  but  is  also  sometimes  met  with  in 
the  skulls  of  adult  Europeans.  In  addition  to  its  occasional 
presence  in  the  adult,  it  is  almost  invariably  found  in  a  more  or 
less  perfect  condition  in  foetal  and  young  European  crania,  and  is 
therefore  a  normal  arrangement  in  the  development  of  the  roof 
of  the  infra-orbital  foramen  and  canal  I  have  now  before  me 
twenty-eight  young  European  skulls  or  upper  jaws,  not  specially 
selected  with  reference  to  this  point,  and  ranging  in  age  from 
the  edentulous  foetus  to  the  child's  skull  with  all  the  milk  teeth 
erupted,  and  with  the  first  permanent  molar  in  place.  In  all  of 
these  specimens  this  suture  was  present. 

It  varied  somewhat  in  its  direction  in  different  specimens. 
In  some  it  passed  vertically  upwards  from  the  infra-orbital  fora- 
men through  the  lower  border  of  the  orbit  into  the  roof  of  the 
canal,'  and  then  along  the  roof  to  its  posterior  border,  and  in 
eight  of  these  it  crossed  the  anterior  end  of  the  malo-maxillaiy 
suture.  In  several  of  the  jaws  it  inclined  upwards  and  somewhat 
inwards  along  the  side  of  the  base  of  the  ascending  process  of  the 
superior  maxilla  to  the  inner  end  of  the  lower  border  of  the  orbit, 
80  that  a  much  longer  extent  of  this  suture  was  visible  on  the 

^  Zoology,  Challenger  ExpediHon,  part  zzix.,  1884. 

'  A  figare  of  the  superior  maxilla  of  a  fiye-montW  foetoa,  showing  this  form  of 
he  satore,  is  giren  by  R.  Quain  iu  Quaitii  Anatomy, 
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facial  aspect  of  the  superior  maxilla  than  in  the  cases  where  its 
direction  was  vertical^  In  some  of  these  specimens,  in  addition 
to  being  prolonged  backwards  into  the  roof  of  the  infra-orbital 
canal,  the  suture  gave  ofif  a  branch,  which  reached  the  border  of 
the  lachrymal  groove  in  the  superior  maxilla.  It  was  then  pro- 
longed for  a  short  distance  down  the  anterior  wall  of  the  groove 
in  which  the  lachrymo-nasal  duct  was  lodged,  and  in  three  in- 
stances was  seen  to  reach  the  anterior  border  of  the  entrance 
into  the  antrum.  There  would  thus  appear  to  be  an  area  of 
ossification  in  the  inner  half  of  the  orbital  plate  of  the  superior 
maxilla,  distinctly  demarcated  from  the  outer  half  of  the  orbital 
plate  and  from  the  ascending  process  of  the  superior  maxilla. 
This  area  articulates  by  its  inner  border  with  the  os  planum  of 
the  ethmoid,  and  may  appropriately  be  designated  the  ethmoidal 
division  of  the  orbital  surface  of  the  superior  maxilla ;  whilst  the 
part  of  the  same  surface  which  lies  external  to  the  infrsrorbital 
suture  may,  from  its  articulation  with  the  malar  bone,  be  termed 
the  malar  division  of  the  orbital  surface  of  the  superior  maxilla. 

The  constancy  of  this  suture  in  the  young  skull  shows  that 
the  roof  of  the  infra-orbital  foramen  and  canal  is  not  closed  in  by 
the  ossific  process  so  early  as  the  floor.  In  the  ossification  there- 
fore of  the  membrane  out  of  which  the  superior  maxilla  is  pro- 
duced, the  formation  of  bone  takes  place  earlier  and  more  rapidly 
in  relation  to  the  under  surface  and  sides  of  the  infrsnorbital 
vessels  and  nerves  than  to  their  upper  aspect.  This  is  in  accord- 
ance with  what  has  been  seen  in  the  early  development  of  the 
superior  maxilla.  Mr  G.  W.  Callender  states  ^  that  in  a  foetus 
9  inches  long,  the  infra-orbital  fissure  is  still  open  in  its  entire 
length,  and  that  deposits  of  bone  arise  on  either  side  of  the 
fissure  and  deepen  it  Henle  describes  '  a  trace  of  this  suture  as 
not  unfrequently  seen  on  the  facial  aspect  of  the  jaw  in  the  first 
year  of  life,  which  persists  for  a  longer  time  on  the  orbital  sur- 
face of  the  bone. 

The  presence  of  an  infra-orbital  suture  in  an  adult  skull, 

1  This  Batnre  is  not  to  be  oonfoanded  with  the  sutura  longitadinalis  imperfecta 
(Weber),  a  figure  of  which  is  given  by  Henle  in  his  K7ioc?ienUhre,  which  ascends 
in  relation  to  the  facial  aspect  of  the  upper  part  of  the  ascending  process  anterior 
to  the  groove  for  the  lachrymal  sac. 

*  Phil.  Trans.  Hoy,  Soe.,  London,  1868. 

*  ffandbueh  der  KnochenUhre  dea  Menscken^  1855. 
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whether  European  or  otherwise,  is  therefore  the  persistent 
evidence  of  a  fissure  normally  present  in  an  early  stage  of  de- 
velopment, but  which  becomes  obliterated  in  the  majority  of 
crania  in  the  adult  condition,  though  it  is  present  in  a  larger 
proportion  of  adult  crania  than  has  hitherto  been  recognised  by 
anatomists. 

I  have  also  made  some  observations  on  the  infra-orbital  region 
in  the  skulls  of  the  anthropoid  apes  in  the  Anatomical  Museum 
of  the  University  of  Edinburgh.  The  infra-orbital  canal  was  in 
them  more  widely  patent  than  in  the  human  orbit,  and  as  a  rule 
it  remained  as  an  open  groove  almost  up  to  the  lower  border  of 
the  orbit.  No  trace  of  the  infra-orbital  suture  was  seen  in  the 
crania  of  the  adult  Gorilla,  Chimpanzee,  or  Orang.  Similarly 
in  the  crania  of  three  young  orangs,  two  of  which  possessed  the 
milk  dentition  together  with  the  first  permanent  molars,  and  the 
third  had,  along  with  the  permanent  incisors,  anterior  molars, 
and  bicuspids,  the  milk  canines,  there  was  no  trace  of  this 
suture.  In  a  young  gorilla,  in  which  the  permanent  canines 
were  not  erupted,  there  was  no  trace  of  the  suture  in  the  roof  of 
the  canal  or  in  the  interval  between  the  infra-orbital  foramen 
and  the  lower  border  of  the  orbit.  But  the  remains  of  a  suture 
extended  from  the  groove  for  the  lachrymo-nasal  duct  and 
lachrymal  sac,  for  a  little  more  than  a  centimetre,  on  the  facial 
aspect  of  the  superior  maxilla  by  the  side  of  the  ascending  pro- 
cess in  the  direction  of  the  infra-orbital  foramen,  though  not 
reaching  it  This  suture  obviously  corresponded  with  the  upper 
end  of  one  of  the  varieties  of  the  infra-orbital  suture  which  I 
have  described  on  page  218,  and  had  at  an  earlier  stage  of 
development  undoubtedly  been  prolonged  into  the  infra-orbital 
foramen  and  the  roof  of  the  infra-orbital  canal 


ADDITIONAL  NOTE  ON  THE  OVIDUCTS  OF  THE 
OEEENLAND  SHARK  (Lamargus  borealis).  By  Pro- 
fessor W.  TuRNEfi,  M.a,  F.R& 

In  July  1878, 1  published  in  this  Journal  ^  a  note  on  the  ovidacts 
of  the  Greenland  shark.  A  few  days  ago  I  had  the  opportunity, 
through  the  courtesy  of  my  colleague,  Dr  Ewart,  Professor  of 
Natural  History,  of  dissecting  a  very  fine  female  specimen  of 
this  Elasmobranch.  It  was  captured  about  the  middle  of  De-' 
cember  off  Montrose,  and  was  forwarded  by  the  Messrs  Johnston 
of  that  town  to  Dr  Ewart 

The  shark  measured  11  feet  6  inches  from  the  end  of  the  snont 
to  the  tip  of  the  upper  lobe  of  the  tail.  When  the  abdominal 
cavity  was  opened  into,  and  when  the  Uver  and  alimentary  canal 
were  carefully  removed,  a  pair  of  ovaries,  each  about  15  inches 
long,  was  seen  to  be  attached  to  the  dorsal  wall  of  the  abdominal 
cavity.  The  ovaries  resembled  in  appearance  those  in  the  speci- 
men of  this  shark  which  I  described  in  my  first  paper  on  this 
fish ;  *  but  the  ova  had  only  the  size  of  small  granules. 

On  the  outer  side  of  each  ovary  a  well-marked  oviduct  was  at 
once  seen,  extending  in  the  longitudinal  direction.  Each  duct 
was  I  of  an  inch  in  external  diameter,  and  readily  allowed  a 
piece  of  india-rubber  tubing  to  be  passed  along  it.  The  ducts 
contained  inspissated  mucus.  They  were  considerably  wider 
than  in  the  female — about  7  feet  long — described  in  1878,  in 
which  they  were  about  the  size  of  a  goose-quill  \  and  the  ovaries 
were  also  of  greater  magnitude.  Anteriorly  the  ducts  converged 
in  close  relation  to  the  anterior  end  of  the  liver,  and  became 
enveloped  in  a  common  fold  of  peritoneum.  They  then  ran  side 
by  side  for  about  an  inch,  being  separated  only  by  a  thin  sep^ 
turn,  when  they  opened  close  together  into  the  base  of  a  spathe* 
like  canal.  The  spathe  rapidly  opened  out  in  front  of  the 
mouths  of  the  ducts,  became  shallow  and  attenuated,  and  ter- 
minated in  a  free  pointed  end.  It  was  13^  inches  in  length  from 
the  openings  of  the  ducts ;  and,  as  it  had  some  mobility,  it  is 

'  JouT,  of  AnaL  and  Phys.,  roL  xii.  p.  604. 
"  Ibid,  Tol.  Tii,  p,  241,  1873. 
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possible  that  its  shallow  canal  could,  during  shedding  of  the 
ova,  be  brought  into  contact  with  a  portion  of  the  surface  of 
each  ovary,  and  that  in  this  way  the  ova  could  be  guided  intx) 
the  oviducts.  But,  as  it  is  very  doubtful  if  the  entire  surface 
of  each  ovary  could  be  embraced  by  the  spathe-like  canal,  a 
proportion  of  the  ova  would  probably  be  shed  into  the  peritoneal 
cavity,  and  be  evacuated  through  the  abdominal  pores. 

The  cloaca  had  an  arrangement  of  ducts  and  openings  similar 
to  what  I  found  in  the  specimen  described  in  1878^  so  that  I 
do  not  require  to  repeat  the  description. 

When  the  abdominal  cavity  was  cut  into,  the  stomach  was 
seen  to  be  distended  with  food ;  and,  as  its  contents  illustrate  in 
a  very  striking  manner  the  voracity  and  destructive  power  of 
these  sharks,  it  may  be  as  well  to  state  what  the  stomach  con- 
tained: a  cod-fish,  38  inches  long;  a  female  salmon,  29  inches 
long ;  a  male  salmon,  36  inches  long ;  nine  haddocks,  a  small 
skate,  the  shell  of  a  large  buccinum ;  the  carcase,  without  the 
head,  of  a  small  cetacean,  perhaps  a  porpoise;   a  number  of 
masses  of  blubber  and  flesh,  which,  from  the  thickness  of  the 
blubber,  had  belonged  to  a  much  larger  cetacean  than  a  por- 
poise, but  as  the  skull  and   other  bones  were  absent  I  could 
not  determine  the  species,  so  that  it  is  possible  that  they  may 
have  been  bitten  out  of  the  carcase  of  a  large  whale.     Ko  animal 
living  in  the  sea  seems,  therefore,  to  come  amiss  to  this  shark, 
but  it  would  appear  to  be  especially  enamoured  of  the  fish  used 
by  man  as  food. 

Dr  Gtinther  states^  that  this  shark  rarely  strays  to  the  lati- 
tudes of  Great  Britain.  But  this  is  an  error,  for  the  Greenland 
shark  is  one  of  the  commonest  of  the  large  sharks  frequenting 
the  Scottish  seas.  Every  year  one  or  more  is  taken  by  the 
fishermen,  and  the  mouths  of  the  estuaries  of  the  Forth  and  the 
Tay  are  infested  by  them.  I  have  myself  dissected  eight 
specimens,  and  I  have  notes  of  the  capture  of  several  others,  so 
that  an  enormous  quantity  of  edible  fish  must  year  by  year  be 
destroyed  by  these  creatures. 

1  JfUroduetion  to  the  Study  of  Fishes,  1880. 
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NOTES  ON  A  DISSECTION  OF  AN  EXCISED  ELBOW.  By 
E.  T.  SuTHEBi^AND,  M.Ry  Demomtrotor  of  Anatomy^  University 
of  Edinburgh. 

The  elbow  region  of  the  left  superior  extremity  of  an  ad'ilt  male, 
about  50  years  old,  was  seen  to  be  contracted  and  marked  with 
cicatricesy  the  limb  being  well  developed  both  above  and  below. 

The  longest  of  the  cicatrices  measured  4^  inches,  and  passed  down 
on  the  inner  aspect,  but  close  to  the  middle  line  posteriorly,  and 
extended  about  1^  inch  along  the  humerus.  Another  cicatrix  on  the 
outer  aspect  of  the  elbow,  and  1^  inch  long,  lay  parallel  with  the 
large  one,  and  there  were  numerous  small  cicatrices  both  anteriorly 
and  posteriorly ;  moet  of  them  were  closely  adherent  to  the  bone,  and 
caused  depressions  on  the  surface.  The  union  between  the  bones  was 
of  the  character  of  a  flail  joint,  and  the  fore-arm  could  be  flexed 
directly  back  to  a  right  angle ;  the  limb  had  been  useful,  as  both  f ore' 
arm  and  hand  were  well  developed.  Radius  rotated  on  the  idna 
about  90**;  thus,  when  the  upper  end  of  the  ulna  was  fixed,  the 
hand  could  be  made  to  pass  horn  pronation  to  between  supination 
and  pronation. 

The  lower  end  of  the  humerus  presented  no  trace  of  either  internal 
or  external  condyles,  but  was  somewhat  expanded  laterally  and  curved 
forwards,  the  curvature  being  best  marked  on  the  anterior  aspect, 
owing  to  a  tubercle  which  presented  itself  towards  the  external  border 
of  the  lower  end,  and  projected  forwards  and  curved  inwards,  re- 
sembling a  flattened  ana  enlarged  styloid  process  of  the  ulna.  A 
small  tubercle  lay  towards  the  posterior  border  and  caused  a  small 
fossa  on  the  lower  end.  The  rest  of  the  surface  was  slightly  tuber- 
cnlated,  but  on  the  whole  fairly  regular. 

The  upper  extremity  of  the  ulna  and  radius  lay  at  the  same  level, 
and  there  was  a  slight  projection  on  the  posterior  upper  aspect  of  the 
ulna.  The  head  of  the  radius  could  be  felt  rotating  on  that  of  the 
uloa,  but  had  a  relation  somewhat  anterior  to  it  On  reflecting  the 
skin  the  bands  of  cicatricial  tissue  were  seen  to  bind  it  closely  to  the 
bone. 

Of  the  superficial  parts  only  a  small  branch  of  the  musculo-cutaneous 
nerve,  which  ended  in  a  cicatrix,  was  cut. 

The  deep  fascia  was  noticed  to  be  much  denser  than  in  the  normal 
condition,  being  specially  thickened  and  blended  with  the  muscles  in 
the  region  of  the  elbow,  but  not  as  a  rule  strongly  connected  to  the 
cicatricial  bands,  which  could  be  easily  defined. 

Mtudee, — ^The  biceps  had  a  distinct  tendinous  slip  to  the  fascia 
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externally  over  the  supinator  radii  longus ;  that  to  the  fascia  over  the 
pronator  radii  teres  was  much  thickened;  the  chief  tendon  was 
attached  to  the  upper  and  inner  end  of  the  radius,  but  gave  off  a 
strong  slip  to  a  cicatricial  band  passing  between  it  and  the  supinator 
ladii  longus. 

The  brachialis  anticus  had  not  its  usual  extensive  attachment  to 
the  humerus,  and  the  lower  end  presented  a  rather  fascial  appearance 
and  was  more  or  less  blended  with  the  surrounding  tissue,  but  the 
greater  part  of  the  fibres  could  be  traced  down  to  attachment  on  the 
anterior  aspect  of  the  end  of  ulna  and  radius.  The  triceps  was  inter- 
sected in  the  mesial  plane  by  the  longitudinal  posterior  incision,  which 
divided  it  into  inner  and  outer  masses  of  fibrous  tissue,  which  was 
inserted  into  the  fascia  on  the  posterior  aspect  of  the  fore-arm,  but 
chiefly  into  a  mass  of  tissue  which  afforded  origin  internally  and 
externally  to  those  muscles  which  arise  by  common  tendons  from  the 
internal  and  external  condyles  of  a  normal  humerus.  Some  fibres 
blended  with  the  cicatrices;  a  few  were  attached  to  a  process  on 
the  upper  end  of  the  ulna  somewhat  resembling  the  olecranon  process. 

The  pronator  radii  teres — rather  embedded  in  the  surrounding 
muscles — had  no  direct  origin  from  humerus,  but  had  a  special  slip 
from  the  tendon  of  the  brachialis  anticus  and  anterior  process  of  the 
ulna  superiorly. 

The  pronator  radii  teres,  flexor  carpi  radialis,  palmaris  longus, 
And  flexor  sublimis  digitorum  had  common  origins  from  the  mass  of 
fibro-tendinous  tissue,  into  which  the  inner  half  of  the  triceps  was 
inserted.  This  mass  extended  between  the  humerus,  radius,  and 
ulna. 

The  supinator  radii  longus  arose  from  the  external  border  of  humerus 
for  2^  inches,  from  intermuscular  septum,  and  by  a  strong  slip  of 
fibro-tendinous  tissue  from  the  radius  below  the  tubercla 

As  the  pronator  radii  teres  and  the  fiexors  had  a  common  origin 
from  the  inner  half  of  the  triceps  tendon,  so  the  supinators  and 
extensors  had  a  common  origin  from  the  outer  half  of  its  tendon,  and 
also  from  the  upper  end  of  the  radius. 

The  anconeus  muscle  was  altogether  absent.  The  supinator  radii 
brevis  was  represented  by  a  few  but  distinct  fibres  arising  from  the 
ulna,  on  the  outer  border  of  its  upper  end.  It  was  inserted  into  the 
radius  for  2  inches  ahove  the  origin  of  the  extensor  ossis  metacarpi 
pollicis  between  it  and  the  pronator  radii  teres,  and  also  to  the  bone 
above  and  behind,  up  to  1  inch  from  the  upper  end. 

The  arteries  presented  no  pecuh'arity.  All  the  named  branches 
were  found.     There  was  in  this  case  a  large  median  artery. 

T?ie  Nerves. — The  median  lay  internal  to  the  brachial  artery,  and 
was  separated  from  the  ulnar  by  the  slip  of  origin  of  the  pronator 
radii  teres  from  the  ulna. 

The  ulnar,  uncut,  passed  through  the  inner  mass  of  fibro-tendinous 
tissue,  to  which  its  coverings  were  closely  adherent. 

The  musculo-spiral  lay  between  the  brachialis  anticus  and  supinator 
longus,  passed  through  origin  of  latter  from  the  humerus  into  the 
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extensor  carpi  radialis  longior,  in  which  i%  terminated  by  bifurcating 
into  radial  and  posterior  interosseous  nerves. 

The  brachialia  anticus  and  triceps  were  then  divided  transversely 
two  inches  above  ihe  lower  end  of  the  humerus,  and  the  ends  reflected 
upwards  and  downwards.  In  the  case  of  the  latter  the  fibro-tendinous 
masses  were  not  cut. 

A  small  buna  was  found  between  the  triceps  and  the  outer  comer  of 
the  humerus.  No  synovial  membrane  found  in  connection  with  Uie  end 
of  the  humerus^  the  periosteum  of  which  was  thickened  and  loosely 
attached  to  the  bone,  being  slightly  roughened  and  porous  looking. 

A  dense  band  of  tissue  was  found  passing  from  the  anterior 
styloid-like  process  of  the  humerus  to  the  upper  end  of  the  radius. 

The  fibrous  tissue  between  the  origin  of  the  extensor  minimi 
digiti  and  the  extensor  carpi  ulnaris  was  dissected  off,  when  the 
radius  was  exposed.  This  dense  fibrous  tissue  was  strongly  adherent 
to  that  bone,  and  it  was  also  bound  to  the  ulna  strongly  by  fibrous 
tissue,  which,  however,  allowed  a  certain  range  of  movement  for 
rotation,  and  a  sliding  movement  of  ^inch  up  and  down  also  antero- 
posteriorly. 

The  upper  end  of  the  radius  was  curved  slightly  forwards  and 
outwards,  with  a  small  process  projecting  forward  on  its  anterior 
border,  and  this,  with  a  tubercle  on  the  posterior  border,  caused  a 
depression,  which  was  surrounded  by  adherent  fibrous  tissue  between 
it  and  the  humerus. 

The  tubercle  of  the  radius  lay  }-inch  from  the  upper  end. 

The  ulna  had  a  subcutaneous  surface,  and  curved  well  forwards,  so 
that  there  was  an  anterior  projecting  lip  like  a  very  small  olecranon. 

The  upper  end  of  the  radius  and  ulna  lay  in  the  same  transverse 
plane. 

[I  may  here  call  atteuiion  to  another  case  of  excised  elbow  dissected 
some  years  ago  in  the  Practical  Anatomy  Rooms  of  the  University  of 
Edinburgh  by  one  of  my  then  assistants,  Mr  G.  J.  Malcolm  Smith, 
M.B.,  and  described  by  him  in  this  Jifumal^  May  1874. — W.  T.] 


NOTES  ON  A  DISSECTION  OF  AN  OLD  UNUNITED 
FRACTURE  OF  THE  LEFT  PATELLA.  By  R.  T.  Suthbb- 
LAND,  M.B.,  Demonstrator  of  Anatomy^  UniversUy  of  Edinburgh. 

Thb  subject  of  this  iigury  was  a  spare  female,  whose  left  thigh 
appeared  thinner  than  the  right,  and  the  separated  ends  of  the  patella 
could  be  felt  2^  inches  apart,  the  upper  fragment  being  more  bulky 
than  the  lower,  which  was  1  inch  distant  from  the  tubercle  of  the  tibia. 
On  the  right  side  the  lower  end  of  the  sound  patella  was  2^  inches 


226  ANATOBUCAL  NOTICE^. 

distant  from  the  tabercle  of  the  tibia.  On  removing  the  skin  from  the 
left  knee  the  quadricepe  extensor  had  the  appearance  of  being  lew 
developed,  and  the  rectus  femoris  was  1|  inch  shorter  than  on  the  right 
side.  The  patellar  bursa  of  the  right  side  was  normal,  but  on  the 
left  side  it  was  represented  by  a  small  sac,  about  f  inch  diameter,  lying 
on  the  lower  fragment  and  the  ligamentum  patellae.  On  the  left 
side  the  deep  fascia  was  stronger  than  usual,  and  the  fibres  forming 
the  retinacula  were  better  marked  on  the  outer  side  than  on  the  inner, 
and  the  bands  on  the  two  sides  were  connected  by  fibres  passing  trans- 
versely along  the  lower  border  of  the  upper  fragment  of  the  patella, 
and  superficial  to  the  broad  strong  band  which  connected  the  two 
fragments,  and  to  which  the  synovial  membrane,  considerably 
thickened,  was  adherent  A  small  nodule  of  bone  lay  in  this  band 
I  inch  above  the  middle  of  the  lower  fragment.  A  dense  band  passed 
down  from  either  side  of  the  upper  fragment;  the  inner  one,  the 
weaker,  derived  fibres  from  the  tendon  of  the  quadricepe  extensor, 
and  was  attached  to  the  inner  condyle  of  the  femnr  anterior  to  the 
tabercle  of  the  adductor  magnus.  It  measured  3  inches  long.  The 
outer  band  passed  downwaids  and  slightly  backwards,  and,  blending 
with  the  ilio-tibial  band  and  tendinous  fibres  from  the  rastus  extemus, 
was  attached  to  the  external  tuberosity  of  the  tibia,  and  measured 
4^  inches  long. 

Pulling  on  the  quadriceps  extensor  slightly  extended  the  knee- 
joint  by  means  of  the  two  lateral  bands,  which  were  made  more  tense 
than  the  central. 

The  external  lateral  ligament  of  the  left  knee  was  more  connected 
to  surrounding  tissue  than  that  of  the  right.  The  synovial  bursa 
between  the  ligamentnm  patellsB  and  tibia  was  more  extensive  on  the 
right  than  left  side.  The  synovial  membrane  of  the  right  knee  extended 
^  inch  upwards  above  the  articular  cartilage  on  the  anterior  surface 
of  the  femur,  which  was  smooth,  while  in  the  left  knee  it  was  thicker 
and  extended  2  inches  and  was  not  smooth,  being  thrown  into  ridges 
and  bands,  which  were  in  most  cases  fringed  and  ragged.  Ligamentum 
al»  mucosae  frayed  and  ragged  in  left  knee^  and  not  strong  as  in  right 
Left  knee,  the  upper  fragment  of  patella  was  about  §  more  bulky 
than  the  lower,  but  the  same  in  length  and  greatest  breadth.  The 
articular  surface  was  comparatively  smooth,  bat  the  cartilage  was 
much  wasted.  The  lower  fragment  was  very  irregular,  pointed 
inferiorly,  and  the  articular  surface  had  lost  its  cartilage,  and  was 
coated  with  frayed-looking  synovial  membrane.  The  fracture  appeared 
to  have  occurred  along  a  transverse  ridge  between  the  upper  and  lower 
facets. 
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NOTES  FROM  THE  DISSECTION  OF  A  CHINAMAN.  By 
T.  P.  Anderson  Stuabt,  M.D.  Edin.,  Professor  of  Anatomy 
and  Physiology  in  the  University ^  Sydney, 

The  dissection  was  made  in  the  practical  anatomy  rooms  of  the 
University  of  Sydney.  The  abnormalities  were  almost  solely  in  the 
mascular  system  and  by  way  of  excess. 

M,  Rstrakens  Aurem, — Superficial  part  well  developed  from  fascia 
and  middle  third  of  inferior  curved  line  of  occipital  bone. 

Rectus  capitis  posticus  major, — ^A  pair  on  each  side  arising  from  the 
normal  origin,  coursing  side  by  side  and  touching  each  other.  The  inner 
border  of  the  inner  one  reached  to  about  \  inch  from  the  middle  line 
of  the  body,  while  the  outer  border  of  the  outer  muscle  extended  as 
far  as  the  outer  end  of  the  inferior  curved  line  of  the  occipital  bone. 
They  entirely  hid  from  view  the  recti  capitis  postici  minores. 

Rectus  capitis  posticus  minor, — Represented  on  each  side  by  three 
separate  muscles,  all  arising  from  the  neural  arch  of  the  atlas  and 
adjacent  deep  part  of  the  ligamentum  nuchs,  and  inserted  into  the 
occipital  bone  into  and  below  the  inferior  curved  line.  The  external 
muscle  was  inserted  just  below  the  inferior  curved  line,  was  entirely 
hidden  by  the  outer  piece  of  the  rectus  major,  and  extended  inwards 
as  far  as  If  inch  from  the  middle  line.  The  insertion  of  the  middle 
muscle  extended  from  the  former  almost  to  the  middle  line.  The 
internal  muscle  arose  partly  from  the  ligamentum  nuchsB  as  high  as 
the  third  cervical  vertebra,  had  a  fleshy  belly  \  inch  in  diameter  when 
made  cylindrical,  ran  alongside  the  ligamentum  nuchsB  to  be  inserted 
close  to  the  middle  line.  The  muscles  as  a  whole  were  more  strongly 
developed  on  the  left  side.  On  the  hght  side  the  inner  pieces  were 
not  quite  separate,  and  but  a  few  fibres  came  from  the  ligamentum 
nuchsB.  • 

Omo-hyoid. — Posterior  belly  replaced  by  a  membranous  tendon. 

Digastric — A  slip  about  one-third  the  usual  size  of  the  anterior  belly 
crossed  from  the  right  to  join  the  left  anterior  belly.  The  interval 
remaining  between  the  anterior  bellies  was  filled  up  by  a  fibrous 
membrane  continuous  with  tbe  sheath  of  the  muscle,  and  with  the 
fascia  binding  the  median  tendon  to  the  hyoid  bone. 

Scalenus  meditis  on  both  sides  got  two  additional  slips  of  origin 
from  the  serratus  magnus. 

Slender  tendons^  of  the  thickness  of  a  darning  needle,  sprang,  one 
from  the  flexor  longis  pollicis  to  be  attached  to  the  deep  surface  of  the 
anterior  annular  ligament,  one  from  the  flexor  profundus  digitorum 
inserted  into  the  synovial  sheath  beneath  the  anterior  annular 
ligament,  and  one  from  the  extensor  ossis  metacarpi  pollicis  to  be  part 
origin  of  the  abductor  pollicis.  The  last-named  muscle  had  two 
tendons  separate  throughout  The  supinator  ladii  longus  also  had  a 
split  tendon  through  which  the  radial  nerve  passed.  The  ulnar 
origins  of  the  pronator  teres  and  of  the  flexor  longus  pollicis  were  very 
largo. 
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Semimembranosus,  two  inches  below  its  origin,  gitres  oflf  a  tendinous 
slip,  soon  becoming  muscular  and  joining  the  vertical  fibres  of  the 
adductor  magnus. 

iMmhricdles  'pedis, — Left  side,  second  and  third  awanting ;  on  right 
side  third  only  awanting. 

External  sapJienous  nerve  on  both  sides  supplies  dorsal  aspect  of 
2^  outer  toes,  and  communicates  with  the  musculo-cutaneous. 

Sciatic  artery  greatly  reduced  in  size,  supjdemented  by  a  large 
branch  of  the  gluteal,  which  passes  backwards  over  the  pyriformis  and 
gives  off  the  coccygeal  and  anastomotic  branches  of  the  sciatic. 


NOTE  ON  THE  PERITONEUM  OF  THE  SEAL.  By  R  J. 
Andeeison,  M.A.,  M.D.,  Professor  of  Natural  History^  Qgaaeatis 
College^  Galway* 

The  fleshy  stomach  is  suspended  to  the  diaphragm  by  the  gastro- 
phrenic ligament,  and  to  the  liver  by  the  gastrohepatic  omentum. 
The  same  viscus  is  connected  to  the  spleen  by  the  gastrosplenir. 
The  small  sac  touches  the  spleen  for  the  extent  of  4  inches^  and  com* 
municatcs  with  the  great  peritoneal  sac  in  the  ordinary  way.  The  great 
omentum  forms  a  pendulous  fold,  and  is  attached  by  one  end  to  the 
stomach,  and  by  the  other  to  the  posterior  abdominal  parietes.  Close 
to  the  latter  the  pancreas  is  enclosed  between  its  layers. 

The  duodenum  is  about  a  foot  long,  and  forms  a  curve  with  its  con- 
vexity towards  the  right  side,  and  is  attached  to  the  posterior 
abdominal  wall  by  a  mesentery  5  inches  in  length,  and  the  latter 
receives  the  right  end  of  the  pancreas  between  its  layers.  The  large 
intestine  begins  close  to  the  middle  line  between  the  two  ends  of  the 
duodenum,  is  attached  in  all  its  extent  by  a  mesentery,  and  terminates 
in  the  rectum.  The  mesentery  that  fixes  all  the  small  intestines  to 
the  posterior  abdominal  wall,  is  attached  between  the  place  of  origin 
of  the  large  intestine  and  the  point  of  termination  of  the  duodenum. 
The  breadth  of  the  mesentery  is  6  inches.  The  caecum  has  a  slight 
bend  to  the  right,  the  rest  of  the  large  intestine  is  median. 

The  small  sac  of  the  peritoneum  may  be  tra(*.ed  to  the  posterior 
surface  of  the  stomach,  thence  proceeding  upwards  to  the  liver  and 
diaphragm,  then  it  turns  round  to  touch  the  posterior  abdominal  wall 
and  to  cover  the  pancreas,  and  then  to  form  the  lining  of  the  omental 
sac.  Traced  to  the  left  it  covers  the  vessels  going  to  the  spleen,  and 
touches  that  viscus  for  the  distance  already  indicated,  and  becoming 
continuous  with  the  small  sac  through  the  foramen  of  Winslow. 

The  freedom  of  the  great  omentum  from  the  colon,  and  the  con- 
tinuation of  the  pancreas  from  the  <Hnental  into  the  duodenal 
mesenteries,  is  so   very  marked   that  I  am    disposed    to   view  the 
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arrangement  as  evidence  in  favour  of  the  view  I  advanced  some  time 
ago,^  vizL,  that  the  email  sac  is  really  a  mechanical  result  of  the  friction 
of  the  stomach  and  liver  on  the  posterior  abdominal  parietes.  It  is 
well  known  that  the  liver  develops  to  the  right,  and  the  pancreas  to  the 
left.  The  hepatic  and  coronary  arteries  keep  to  the  right,  the 
splenic  and  a  portion  of  the  hepatic  go  to  the  left  The  foramen  of 
Winslow,  absent  in  some  cases,  can  be  readily  accounted  for  by  the 
growth  backwards  of  the  liver.  Speaking  generally,  the  coronary 
artery  supplies  the  first  part  of  the  gastro-duodenal  portion  of  the 
intestinal  tracts  the  splenic  artery  the  second,  and  the  hepatic  the 
third. 


NOTE  ON  A  PECULIAR  SHAPED  KIDNEY.     By  J.  Cunnino- 
INOHAM  RussEL,  M.D.,  The  County  Aaylum^  Lancaster, 

This  peculiar  shaped  kidney  was  found  on  making  the  post-nwrtem 
examination  of  a  man,  aged  55  years. 

On  the  right  side  there  was  no  trace  of  any  kidney.     The  suprarenal 
capsule  was  present  as  usuaL 

On  the  left  side  there  was  a  large  kidney,  8  inches  long,  3^  inches 

broad  at  both  its  upper  and  lower  ends,  and  2^  inches  broad  in  the 

middle.     The  thickness  did  not  differ  from  that  of  an  ordinary  kidney. 

The  upper  end  lay  in  the  usual  position  of  the  left  kidney.     The  body 

of  the  organ  lay  with  slight  obliquity  inwards,  so  that  the  lower  end 

rested  on  the  bodies  of  the  lumbar  vertebrae,  reaching  about  the  middle 

line,  and  to  |  inch  from  the  sacral  promontory.     There  were  two  hiluscs, 

one  in  the  upper  and  one  in  the  lower  part,  separated  by  a  portion  in 

the  middle,  without  a  hilus,  about  1  inch  long.     A  renal  artery  in  the 

usual  situation  went  to  the  upper  hilus ;  a  smaller  artery,  springing  from 

the  front  of  the  aorta  below  the  inferior  mesenteric,  went  to  the  lower 

hilus ;  a  branch  from  it  penetrated  into  the  middle  part  of  the  kidney 

on  its  anterior  surface.     There  was  one  vein  receiving  branches  from 

both  hiluses.     There  were  two  ureters,  the  upper  taking  the  usual 

coarse  of  the  left  ureter.     The  lower  and  smaller  crossed  the  middle 

line  just  above  the  sacral  promontory,  and  went  to  the  right  side  of 

the  bladder,  resembling  in  its  lower  course  the  normal  right  ureter. 

The  section  through  the  organ  shows  an  arrangement  like  that  of 
two  kidneys  joined  by  their  ends,  there  being  two  separate  pelves. 

^  Ihtblin  Journal  of  Medical  Science,  Sept.  1883. 
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ADDITIONAL  NOTE  ON  THE  DELINEATION  OF  SKULLS 
BY  COMPOSITE  PHOTOGRAPHY.  By  Arthur  Thombon, 
M.B.,  Senior  Demonstrator  of  Anatomy  in  the  University  of  Edin- 
burgh. 

I  HAVB  learned,  since  the  publication  of  my  paper  on  this  subject  in 
the  last  number  of  this  Journal,  that  Mr  Francis  Galton,  F.R.S.,  had 
three  years  previously  drawn  the  attention  of  the  Anthropological 
Department  of  the  British  Association  to  the  application  of  composite 
portraiture  to  anthropological  purposes,  and  had  exhibited  a  composite 
photograph  of  eight  skulls  of  Andaman  islanders,  which  he  had  mounted 
under  the  instructions  of  Professor  Flower.  The  separate  portraits 
were  combined  into  a  single  composite  by  a  new  instrument  invented 
by  Mr  Galton,  and  described  by  him  in  the  Pkotographle  Journal  of 
June  1881.  It  is  also  worthy  of  note  that  Dr  JF.  S.  Billings  of  Wash- 
ington has  been  engaged  in  a  similar  line  of  investigation,  and  contri- 
buted, in  April  last,  a  preliminary  paper  on  the  subject,  with  photo- 
graphs, at  a  meeting  of  the  National  Academy  of  Sciences. 

An  account  of  Mr  Galton's  communication  will  be  found  in  the 
report  of  the  British  Association  meeting  held  at  York,  1881,  p.  690, 
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EXPLANATION  OF  PLATE  VI.a. 

la  illustration  of  the  Paper  on  ^*  Abnormal  Disposition  of  the  Colon/' 
By  R.  Bruqb  Young,  M.A.,  M.B.,  Demomtrator  of  Anatomy , 
Glasgow  University,     Page  98. 

Fig.  I.  View  of  the  abdominal  viscera,  showing  the  abnormal 
disposition,  a,  Ascending  portion  of  the  colon  ;  5,  descending  portion 
of  the  colon ;  c,  coils  of  small  intestine ;  d^  duodenum  where  it  curved 
round  gall-bladder ;  e^  membrane  (probably  adherent  great  omentum) 
shutting  off  the  upper  part  of  the  abdominal  cavity ;  /,  band  of 
adhesion  passing  from  duodenum  to  mesentery  ;  g,  the  two  peritoneal 
projections  on  the  ascending  portion  of  colon ;  h,  Hver ;  «,  mesentery ; 
A;,  sigmoid  flexure. 

Fig.  2.  Stomach  and  intestines  of  a  foetus  (1^  inch  long  from 
vertex  to  coccyx)  (see  page  105).  a,  Pylorus  and  beginning 
of  duodenal  curve ;  2»,  upper  end  of  jejunum  ;  c,  caecum  ;  d^  descend- 
ing colon.      The  vermiform  appendix  is  relatively  very  long. 

Fig.  3.  Diagram  of  development  of  alimentary  canal,  showing  the 
primary  loop  with  remains  of  umbilical  vesicle  attached  and  suppHed 
by  the  superior  mesenteric  artery;  the  upper  loop  supplied  by  the 
cceliao  axis,  and  the  lower  loop  supplied  by  the  inferior  mesenteric 
artery.  In  the  case  described  in  the  paper  the  caecum  had  been 
prevented  from  crossing  over  the  upper  limb  of  the  primary  loop. 


J^>wm^.ar.Suu^.&FA^  Oarjs^^. 


%I.JIX,FIW^ 


/ 


.w 


z. 


"K 


Joum.  Aiial.  *  I-hy».  yol.  XIX.,  Fl.  711. 


1 


JFio.  2.  J.  Q.  r«i»iy. 


Jonm.  Anai.  i-  Phya.  Vol.  XIX.,  PI.  VII.  bit. 


1% 


1 


Jcam^  ofJnai.dPh^s..J3aimi. 


Pig.So,    ^       Frog  i 


Fig.  2. 
Imflextd  Uteri' 


?<K._i\ 


^ 


Jeam,  vt\.fiia//.AI7ifI^ar^JS 


Jourru  ofUruxldFhy3.,Jut/JS85. 


YoLSX^Pl.  X. 


Fvcf.L 


TTTTTTl 


V 


Fig.Z. 


AKPaioxsen  U 


FHn&.Lith^Ean^ 


journal  of  ^natom^  antv  $t)?6tolos^. 


THE  DEVELOPMENT  OF  THE  BLOOD-CORPUSCLES 
IN  THE  EMBRYO  OF  PERCA  FLUVIATILIS.  By 
K.  F.  Wenckebach,  Med,  Stiid,,  Temporary  Assistant  at  the 
Zoological  Laboratory,  University  of  Utrecht,    (Plate  XI.) 

When,  in  April  1884,  I  had  occasion  to  investigate  certain 
points  in  the  embryology  of  Ferea  fluviatUis^  1  was  struck  by 
the  facility  with  which  these  embryos  may  be  studied  while 
alive,  this  being  chiefly  due  to  their  small  size,  and  especially  to 
their  extraordinary  transparency.  All  the  different  organs  are 
visible  in  situ,  and  in  J^heir  whole  extent,  at  least  as  long  as  the 
embryos  are  still  enclosed  in  the  capsule,  at  which  period  the 
radiating  pigment  cells  only  just  commence  to  make  their 
appearance. 

The  circnlation  of  the  blood  could  easily  be  followed  in  all  its 
details,  and  I  was  more  or  less  puzzled  that  the  blood-corpuscles 
made  their  appearance  rather  suddenly.  This  led  me  to  suppose 
that  it  ought  not  to  be  difficult,  in  this  particular  case,  to 
determine  their  mode  of  origin. 

Up  to  that  particular  stage  of  the  development,  in  which 
pigment  makes  its  first  appearance  in  the  eye,  the  heart  may  be 
seen  to  pulsate  very  distinctly,  as  may  also  be  ascertained  for 
the  walls  of  the  larger  vessels ;  but  it  is  not  possible  to  decide 
upon  the  presence  of  any  circulating  fluid  in  these  organs  by  the 
fact  of  any  such  fluid,  if  present,  being  absolutely  colourless  and 
deprived  of  any  corpuscles,  which  might  serve  to  render  this 
circulation  apparent. 

At  the  time  that  the  first  blood-corpuscles  are  seen  shooting 
through  the  vessels,  the  whole  circulatory  system  is  yet  limited 
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(see  Plate  XL  fig.  1)  to  the  heart  with  its  double  curvature, 
from  which  as  yet  only  one  pair  of  aortic  arches  takes  its  origin. 
The  walls  of  the  anterior  arches  are  just  commencing  to  make 
their  appearance,  but  as  yet  no  blood  circulates  tlirough  them. 
The  two  first  arches  uuite  dorsally  into  an  aorta,  which  lies 
immediately  under  the  uotochord  as  far  as  the  middle  of  the 
tail.  At  that  point  it  bends  downwards,  and  then  again  for- 
wards, thus  constituting  a  vein  which  K.  R  von  Baer  has  called 
the  vena  caudalis  inferior.  This  is  continued  into  the  vena 
vertebralis  posterior  sive  cardinalis  (Rathke),  which,  after 
forming  a  small  glomerulus  in  the  pronephros,  sends  the  blood 
into  the  sinus  venosus,  from  which  it  flows  back  into  the 
heart. 

This  vena  vertebralis  quite  constantly  shows  a  longitudinal 
dilatation,  which  is  entirely  filled  with  small  spherical  cells.  I 
was  immediately  struck  by  the  similarity  in  appearance  between 
these  cells  and  the  solitary  blood-oorpuscles  that  may  be  noticed 
in  this  stage, — they  were  equal  in  size,  and  both  can  be  shown  to 
possess  a  spherical  nucleus  after  treatment  with  acetic  acid.  They 
were,  moreover,  of  the  same  pale  colour,  the  blood-cells  acquir- 
ing their  light  yellow  tiut  only  after  they  have  circulated  for  a 
certain  time. 

I  felt  inclined  to  believe  that  this  part  of  the  vena  vertebralis 
produced  the  blood-cells,  and  this  view  was  very  soon  confirmed 
by  the  fact  that  I  obtained  several  stages  in  which  the  rapidly- 
circulating  blood-fluid  which  flows  through  this  vena,  even  though 
it  be  chokefuU  with  cells,  succeeds  in  detaching  and  carrying 
away  some  of  these  cells.  This  detachment  may  aGTect  either 
solitary  cells  or  groups  of  cells,  the  latter  breaking  up  and  then 
continuing  their  course  through  the  body  as  normal  blood-cor- 
puscles. T  have  repeatedly  been  able  to  observe  the  detaching 
process  of  these  cells  in  quite  normal  embryos.  It  takes  place 
rather  rapidly ;  thus,  in  an  embryo  under  observation,  the  num- 
ber of  blood-corpuscles  was  more  than  quintupled  in  twenty-five 
minutes.  The  detaching  process  may  have'been  accelerated  in 
the  cases  I  experimented  with,  because  I  always  removed  the  egg 
membrane,  and  thus  enabled  the  embryo  to  move  and  to  contract 
much  more  vividly.  The  animal  under  observation  was  always 
placed  in  a  drop  of  water  suspended  to  the  under  surface  of  a 
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cover-glass,  thas  obviabiDg  any  pressure  which  might  be  exer- 
cised by  the  latter,  and  give  rise  to  abnormal  phenomena  of 
development.  At  the  same  time,  the  use  of  high  powers  was 
possible. 

I  now  wish  to  show  that  the  phenomena  of  defective  cir- 
culation C'  mangelhafte  Circulation  ")  against  which  K.  E.  von 
Baer,  and  after  him  Eeichert,  have  especially  warned  us,  cannot 
have  come  into  play  in  the  cases  under  observation.  Beichert,  for 
example,  tells  us  ^  (p.  26) : — "  I  have  already  shown  that  in  the 
first  instance  the  phenomena  which  are  the  consequences  of 
defective  circulation  of  the  blood  have  exercised  a  certain 
influence  on  the  current  opinions  on  the  formative  process 
in  question." 

He  then  describes  this  phenomenon,  and  concludes :  ^ — "  By 
an  adhesion  of  the  blood-corpuscles  to  the  walls  of  the  vessels, 
and  by  tlie  formation  of  insular  groups  of  blood-corpuscles,  the 
corpuscula  sanguinis  are  partly,  nay  even  wholly,  detracted  from 
the  circulation  of  blood." 

That  such  is  wholly  out  of  the  question  in  the  cases  above 
recorded  can  be  easily  demonstrated. 

The  detaching  process  of  the  cells  is  a  constant  phenomenon, 
but  is  entirely  limited  to  the  stage  of  development  which  has 
been  figured,  and  which  is  characterised  by  the  appearance 
of  pigment  in  the  eye.'  Before  this  stage  I  have  never 
been  able  to  observe  any  blood-corpuscle  in  the  circulatory 
apparatus. 

If,  on  the  contrary,  the  detachment  of  cells  from  the  central 
mass  filling  the  vessel  were  to  be  ascribed,  as  Beichert  will  have 
it,  to  an  incipient  dissolution  of  a  blood-clot,  which  had  there 
been  secondarily  formed,  it  would  certainly  not  be  so  constant, 
and  at  the  same  time  so  decidedly  limited  to  one  stage.  More- 
over, the  cells  before  their  detaclimont  are  wholly  colourless, 

'  Beichert,  Studien  d.  Physiol.  Instiiiits  zu  Breslau,  Beobachtnngen  iiber 
die  ersten  Blatgefasse  nnd  deren  Bildung,  sowie  uber  die  Bewegang  dea  Blutes 
in  denselben  bei  Fischembryonen. 

"  Loc.  ciL,  p.  27. 

'  It  was  not  possible  to  fix  the  exact  age  of  these  embryos  to  any  definite  nam- 
ber  of  days,  as  they  were  procured  from  ponds,  and  the  exact  date  of  the  oviposition 
was  thus  unknown.  Moreover,  the  temperature  has  a  great  influence  on  the  rat% 
of  development  of  the  embryos. 
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whereas  the  blood-corpuscles  that  have  been  already  circulatiDg 
for  a  certain  time  always  have  a  yellow  colour. 

Finally,  [  found  in  embryos  which  had  been  specially  pi^- 
pared,  and  from  which  I  obtained  a  continuous  series  of  sections, 
that  the  circulating  blood  cells  can  be  easily  distinguished  from 
those  that  are  still  adherent,  by  having  a  somewhat  thicker  layer 
of  clear  protoplasm  around  the  nucleus,  and  at  the  same  time  by 
the  more  oval  shape  Vhich  very  soon  characterises  them. 

All  this,  in  addition  to  the  fact  already  alluded  to,  that  the 
embryos  could  be  observed  under  very  normal  circumstances, 
and  that  the  pulsations  of  the  heart  were  continued  rapidly  and 
rhythmically  during  a  very  considerable  lapse  of  time,  excludes 
the  possibility  of  a  confusion  with  phenomena  that  must  find 
their  explanation  in  a  defective  circulation  in  the  sense  of 
Reich  ert. 

I  have,  moreover,  had  occasion  to  observe  certain  processes  on 
the  yolk-sac  which  simulated  the  formation  of  blood-corpuscles, 
but  which  were  only  the  consequence  of  blood  accumulation. 
During  the  formation  of  the  blood-vessels  on  the  yolk-sac, 
which  appear  to  arise  as  lacunie  in  the  tissue,  groups  of  cells 
may  be  noticed,  from  which  solitary  cells  or  a  few  adherent  colls 
are  gradually  detached.  In  this  case,  however,  it  is  already- 
formed  blood-corpuscles  which  often  are  heaped  up  in  the  blind 
end  or  in  a  lateral  branch  of  a  vessel  which  is  just  being  formed, 
and  which  shortly  afterwards  are  again  set  into  circulation  when 
these  circumstances  come  to  change. 

Transverse  sections  through  embryos,  which  had  been  pre- 
served in  corrosive  sublimate,  and  had  been  stained  with  picro- 
carmine,  entirely  confirmed  the  observations  which  I  had  made 
on  the  living  specimens.  From  these  it  was  apparent  that  the 
portion  in  question  of  the  vena  vertebralis  is  fii-st  a  solid  cord, 
which  on  further  development  gradually  shows  an  increasing 
number  of  lacunse  (figs.  ii.  and  iii.,  1-7). 

Reichert*8  conclusions,  which  I  have  not  been  able  to  verify 
in  respect  to  the  heart  and  the  other  vessels,  appears  to  hold 
true  for  this  portion  of  the  vein  when  he  says  :^ — "  Dass,  wie  fiir 
das  Herz  mit  scineia  Inhalte,  so  auch  fiir  die  librigen  embry- 
onalen  Gefasse  mit  ihrem  Hlute  an  Ort  und  Stelle,  wo  sie  liegeu, 

*  L*n\  cit.,  page  32. 
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gemeinschaftliche  Anlagen  sicli  sondern,  in  welchen  durch  einen 
iiacbtraglicheQ  Sondernngsact  die  Axensiibstanz  oder  centraleu 
Masse  zur  Anlage  fiir  das  zugehorige  Blut,  die  peripherische 
Riadenschichb  fiir  die  Gefasswandung  bestimrat  werden  und 
respective  sich  darein  rerwandeln." 

However  true  this  dedaction  of  Keichert's  may  ultimately  be 
proved,  it  is  to  be  noticed  that  he  did  not  adduce  any  actual 
observations  by  himself  in  confirmation  of  it,  and  only  concluded 
"  von  Gleichem  auf  Gleiches."  In  Perca  fiuvxatUis  the  pheuo- 
meuon  is  perhaps  limited  to  the  vena  vertebralis,  where,  how- 
ever, as  we  have  seen,  it  is  very  evident.  In  the  other  vessels, 
althoagb  they  were  wholly  formed  and  provided  with  distinct 
smooth  surfaces,  there  was  nevertheless  not  a  single  blood-cor- 
puscle ;  this  makes  it  improbable  that  here  also  blood-corpus- 
cles might  arise  in  addition  to  those  that  are  formed  in  the  vena 
vertebralis. 

Anteriorly,  the  vena  vertebralis  often  appears  to  be  divided 
into  two.  Reichert  believes  this  to  be  always  the  case.  I  am 
not  prepared  to  express  any  definite  opinion  on  this  point.  It 
might  possibly  be  in  some  way  connected  with  the  formation  of 
two  glomeruli,  a  right  one  at\d  a  left  one,  in  the  pronephros. 

I  cannot  make  any  definite  statement  as  to  the  exact  way  in 
which  this  mass  of  cells  makes  its  appearance  in  the  mesoblast, 
the  embryos  being  very  small,  and  the  yolk  becoming  so 
extremely  hard  in  the  preserving  reagents,  that  it  is  extremely 
difficult  to  obtain  series  of  satisfactory  sections. 

The  contusion  to  which  I  have  thus  arrived,  and  which,  as 
far  as  I  can  make  out,  is  new  to  science,  can  be  formulated  as 
follows : — 

In  Perca  fluviatilis  the  blood-corpuscles  arise  as  a  solid  mass 
of  tissue,  situated  in  the  region  where  afterwards  the  vena 
vertebralis  will  be  found.  The  central  portion  of  this  cylindrical 
mass  of  cells  gradually  loosens,  the  cells  are  carried  away  by  the 
blood-fluid  which  has  appeared  in  the  meantime,  acquire  a  yellow 
tint,  and  become  the  blood-corpuscles. 
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EXPLANATION  OF  PLATE  XL 

Fig.  I.  Embryo  of  Perca  fluviatilis,  in  which  pigment  just  com- 
mences to  appear  in  the  eye;  br.,  brain;  oL,  olfactory  pit;  a,  eye; 
aud.f  auditory  vesicle  with  two  otoliths;  s.Cy  spinal  cord;  not' 
notochord ;  ao.,  aorta ;  r.c,  vena  caudalis ;  v.r.,  vena  vertebralis  pos- 
terior 8.  cardinalis ;  ves.,  vesicle  in  which  end  the  WolflBan  ducts ;  c/., 
cloaca;  g,y  gut;  glm,,  glomerulus  of  the  pronephros;  y.«.,  yolk-sac; 
o,d,,  oil  drop;  «.v.,  sinus  venosus;  h.,  heart;  pc,^  pericardium; 
a.a,i.,  ilrst  aortic  arch  ;  /.«.,  fold  of  the  skin ;  o'./.,  first  rudiment  of 
the  pectoral  fin ;  n.s,,  natural  size. 

Fig.  2.  Transverse  section  through  an  embryo  of  Perca  fluviatUis, 
slightly  younger  than  iig.  1 ;  not^  notochord  ;  oo.,  aorta ;  cm.,  cell 
mass,  which  tills  the  vena  vertebralis  throughout  its  whole  extent ; 
w.p.,  muscle-plates;   PT.cZ.,  Wolfl&an  duct;  g.,  gut 

Fig.  3.  (1,  2,  3,  4,  6,  6,  7)  Series  of  succeeding  transverse  sections 
through  an  embryo  of  Perca  fluviatilis^  slightly  older  than  fig.  1,  to 
show  how  irregularly  the  cell-mass  of  the  vena  vertebralis  is  carried 
away  by  the  rapidly-flowing  blood ;  not^  notochord ;  oo.,  aorta;  m./)., 
muscle-plates ;  r.v.,  vena  vertebralis ;  TF.c/.,  Wolflian  duct ;  ^.,  gut 


THE  MOVEMENTS  OF  THE  ULNA  IN  ROTATION  OF 
THE  FORE-ARM.  By  Jacob  Heiberg,  M.D,  Professor 
of  Anatomy  in  the  University  of  Christiania,  Norway, 

I  No  doubt  the  relative  movements  of  the  radius  and  the  ulna,  as 
well  in  the  elbow-joint  as  at  the  wrist,  yield  one  of  the  most 
interesting,  but  at  the  same  time  one  of  the  most  difficult,  points 
in  arthrology.  When  I  now  have  taken  this  question  up,  and 
published  a  pamphlet  upon  it  (Jacob  Heiberg,  Ueher  die 
Drehungen  der  Hand,  Wien,  1884),  as  the  result  of  more  than  one 
year's  hard  work  in  all  my  free-time,  I  must  feel  very  flattered 
when  a  man  of  Professor  D wight's  capacities  takes  up  the  dis- 
cussion ^  and  attracts  still  more  attention  on  the  question.  It  has 
caused  me  very  much  satisfaction  that  Professor  Dwight,  like 
Professor  von  Meyer  in  Zurich, *  has  repeated  my  experiments  and 
found  that  my  observations  were  correct ;  when  Professor  Dwight 
then  adds  that  my  "  interpretation  is  wrong ;  that,  though  the 
ulna  may  move  in  rotation,  it  does  not  rotate,"  so  I  am  able  to 
admit  without  delay  that  I  am  of  the  same  opinion,  that  the 
ulna  does  not  rotate  in  the  sense  of  Professor  Dwight.  When  I 
have  been  misunderstood  by  Professor  Dwight,  and  perhaps  by 
many  others,  I  suppose  the  cause  lies  therein,  that  the  verb 
rotate  has  a  much  more  restricted  signification  in  English  than 
it  has  in  the  German,  Scandinavian,  French,  Italian,  and  other 
Roman  languages  which  I  may  know.  As  far  as  I  can  under- 
stand, it  only  signifies  a  cylindrical  motion  around  the  object's 
own  axis,  like  the  movement  of  a  rolling  pin  used  in  the  houses 
when  baking.  Well,  I  never  found  and  never  had  the  intention 
to  state  that  the  ulna  or  the  radius  made  such  movements  ;  but 
Professor  Thane,  of  University  College,  London,  at  the  Congress 
in  Copenhagen,  very  kindly  drew  my  attention  to  another 
word,  which  is  used  in  English,  and,  as  far  as  I  can  learn,  only 
in  English.  I  find  it  in  the  text-books  of  Gray  and  Quain,  and 
this  word  is  circuindiirction.     By  Quain,  circumduction  is  said  to 

'  This  Journal,  vol.  xix.  p.  186. 

^DetUsche  Zeitschrift filr  Chirurgky  B.  xx.  p.  314,  Leipsig,  1884. 
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be  "  the  movement  performed  when  the  shaft  of  a  long  bone  or 
a  part  of  a  limb  describes  a  coney  the  apex  of  which  is  placed  in 
the  joint  at  or  near  one  extremity  of  the  bone,  while  the  sides 
and  base  of  the  cone  are  described  by  the  rest  of  the  moving 
part/'  If  I  had  written  in  English,  and  had  known  this  word, 
I  should  have  hastened  to  use  it,  because  it  completely  expresses 
my  opinion,  but  we  want  that  word  in  Norwegian  as  well  as  in 
German,  and  must  say  rotiren,  rotere,  or  transcribe  it  But  in 
my  book  I  did  so  (p.  76  and  77)  when  I  said  that  "  the  lower 
portion  of  the  ulna,  from  the  great  sigmoid  cavity  to  the  head  of 
the  bone,  described  the  surface  of  a  larger  co?i«,  and  the  olecranon 
that  of  a  smaller  one."  When  I  (p.  77),  immediately  after  the 
transcription,  used  the  word  rotiren,  rotate,  it  must,  for  a  Nor- 
wegian and  a  German,  signify  circumduction,  and  it  is  certain  that 
I  meant  it  so,  which  evidently  is  proved  by  the  four  curves 
(p.  73),  which  never  could  be  obtained  by  simple  rotation.  I 
should  suppose  that  the  word  circumduction  is  a  very  old  word, 
perhaps  formerly  used  on  the  Continent ;  but,  though  I  passed 
seven  of  the  last  fourteen  years  on  the  Continent,  and  commonly 
in  anatomical  and  surgical  circles,  I  never  heard  that  word,  and 


Fio.  1. — Male  cadaver  (thirty- two  years  old)  left  arm,  the  hand  disarticulated. 
The  humeras  fixed  by  nails  on  a  board.  Into  the  middle  of  the  head  of  the 
ulna  is  put  a  rod  bearing  a  brush,  wet  with  ink,  at  the  styloid  process  of  the 
radius  is  put  a  similar  rod  and  brush,  the  bracelet  of  Lecomte  put  on,  a  com- 
plete pronation  with  supination  o-a'  as  starting  point  is  made,  and  the 
brushes  made  circumductioual  movements  and  wrote  on  paper  the  two 
curves,  the  smaller  belonging  to  the  ulna,  both  signifying  the  borders  of  the 
bases  of  two  cones. 

it  seems,  even   in   English,  to   be   a  little  rare,  because  my 

honoured  colleague  Dwight  does  not  use  that  splendid  expression. 

I  am  in  this  very  moment  working  upon  an  illustrated  treatise 
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OD  all  the  joints  of  man,  aad  have  found  that  the  only  two  sorts 
of  articular  surfaces  which  allow  circumduction  are  the  saddle- 
joint  and  the  ball  and  socket-joint  Now,  I  have  made  great 
models  in  wood  giving  the  idea  of  the  several  joints  as  rotating 
bodies  {Vmdrehungs  Korper),  It  is  very  easy  to  state  from  these 
models,  or  from  natural  bones,  that  one  finds  on  the  lower  end 
of  the  humerus  a  combiuing  of  a  ball  and  socket-joint  for  the 
radius  and  a  saddle-joint  for  the  ulna.  It  is  not  worth  discus- 
sion, if  we  could  have  reached  the  same  effect  by  two  ball-joints 
or  by  two  saddle-joints ;  the  fact  is,  that  we  have  the  combina- 
tion, and  this  combination  allows  a  circumduction  of  the  lower 
end  as  well  of  the  radius  as  that  of  the  ulna,  but  always  in  two 
different  directions.  The  curve  never  gives  the  periphery  of  a 
whole  circle,  only  a  part  of  it.  Commonly,  when  we  use  a  gimlet 
or  a  corkscrew,  the  two  bones  give  the  two  circumductional 
curves,  as  drawn  in  fig.  1 ;  but  we  (the  living  subject)  can  by 
exercise  circumduct  alone  the  radius  around  the  ulna  (fig.  2) ; 


Fio.  2. — Female  cadaver,  thirty-three  years  old,  left  arm,  the  hand  disarticulated, 
the  humerus  fixed  by  nails  on  a  board.  Into  the  middle  of  the  head  of  the 
ulna  is  put  a  strong  metallic  rod,  around  which  the  radius  is  turned  in 
circumduction.  At  the  lateral  end  of  the  radius  is  put  a  rod  bearing  a 
brush  and  describing  this  curve,  which  represents  a  part  of  the  periphery  of 
the  base  of  a  cone. 

and  on  the  cadaver,  but  not  on  the  living  subject,  by  fixing  the 
radius,  we  can  circumduct  the  ulna  alone  around  a  point  on  the 
radius  (fig.  3).  In  no  case  do  we  rotate  the  single  bone,  but  we 
put  them  in  a  circumductional  movement,  and  the  single  curve 
represents  only  a  part  of  the  whole  periphery. 

Certainly  these  two  circumductional  movements  can  have  a 
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sort  of  common  ceutre,  especially  to  be  seen  in  fig.  1 ;  and  it 
should  not  be  impossible  for  me  to  instruct  ray  workmen  to 
execute  a  model  in  wood  of  a  greater  cone,  into  which  was  put 
laterally  a  smaller,  but  of  the  same  length,  and  further  other 
models,  to  let  the  radii  of  the  bases  of  the  cones  vary  in  length 
from  nothing  until  some  few  centimetres,  and  in  this  way  give 
the  most  instructive  imitation  of  that  which  may  occur  iu 
nature  when  we  let  the  different  fingers  form  the  different  axes 
for  the  turnings  of  the  hand. 


Fio.  8. — The  same  female  cadaver  as  fig.  2,  left  arm,  the  hand  disarticulated. 
Into  the  radius  is  put,  through  the  whole  length  of  the  bone,  a  strong 
(4  mm.)  metallic  rod,  and  the  ulna  is  turned  in  circumduction  around  this 
rod.  At  the  middle  of  the  head  of  the  ulna — where  the  commonly  described, 
so-called  classical  end  of  the  axis  for  the  movement  of  the  radius  (after 
Galenus  and  others)  does  run  out — is  put  a  rod  bearing  a  brush,  and  has 
described  this  curve,  which  represents  a  part  of  the  peripherj'  of  the  base  of 
a  cone. 

When  Professor  Dwight  finds  it  rather  surprising  that  the 
question  should  have  raised  no  discussion,  I  must  say  that  I 
have  found  sixteen  journals  reviewing  the  pamphlet  iu  six 
languages,  and  the  presenting  of  my  models  at  the  Congress 
of  Copenhagen  started  one  of  the  longest  discussions,  which 
lasted  for  several  days,  and  will  appear  in  the  official  report  in 
a  very  short  time. 

I  have  tried  to  get  a  publisher  for  an  edition  in  English  of 
my  book,  putting  all  my  engravings  on  wood  free  to  his  disposi- 
tion, but  vainly.  Should  I  realise  it,  certainly  I  would  take 
notice  of  all  the  worthful  remarks  of  my  honoured  colleague 
Dwight. 


THE  NATURE  OF  LIGAMENTS.  (Part  III.)  By  J.  Bland 
Sutton,  F.RC.S.,  Lecturer  oii  Comparative  A^iatomy,  and 
Senior  Demonstrator  of  Anatomy,  Middlesex  Hospital  Medical 
School.    (Plate  XII.) 

On  two  previous  occasions  attempts  have  been  made  and  evidence 
has  been  adduced  in  this  Journal  (vols,  xviii.  and  six.)  to  show 
that  there  is  reason  to  believe  in  the  origin  of  many  ligaments 
from  the  metamorphosis  of  muscles  and  tendons.  The  present 
paper  contains  the  result  of  further  inquiry  into  this  question, 
particularly  in  regard  to  certain  structures  belonging  to  the  knee- 
joint.  After  working  out  the  chief  facts  in  the  evolution  of  the 
ligaments  of  this  complex  articulation,  the  details  of  which  will 
be  fully  given  later  on,  I  was  induced  to  examine  the  ligaments 
of  the  spinal  column,  particularly  in  relation  to  their  ancestry. 
The  greater  number  of  these,  as  might  have  been  expected,  con- 
form to  the  same  mode  of  origin  as  the  majority  of  those  in  the 
appendicular  skeleton,  but  the  consideration  of  tlie  probable 
origin  of  the  remarkable  bands  of  yellow  elastic  tissue,  familiar 
as  the  ligamenta  subfiava,  has  led  me  to  certain  conclusions 
exceedingly  novel,  and  as  unexpected  as  they  are  remarkable. 
It  has  been  previously  insisted  upon  that  in  the  articulations  of 
the  appendicular  skeleton,  degenerate  muscles  play  an  important 
part  in  providing  ligaments,  yet  in  the  axial  skeleton  the  remains 
of  very  important  structures,  as  well  as  functionless  muscles, 
are  turned  to  the  same  useful  account  by  utilitarian  Nature. 

As  the  principal  argument  in  this  discussion  concerning  the 
nature  of  ligaments  depends  on  the  circumstance  that  muscles 
under  certain  conditions  do  degenerate  into  fibrous  tissue,  "which 
tissue  may  become  ligaments  if  occasions  arise,  the  following 
examples  may  not  appear  redundant  In  this  Journal  (vol.  xiv.) 
Professor  Watson  describes  the  occurrence  of  the  curvatores 
coccygis  muscles  in  man.  The  muscles  in  question  arose  from 
the  anterior  surface  of  the  sacrum  between  the  third  and  fourth 
sacral  foramina,  also  from  the  anterior  surface  of  the  body  of  the 
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Gfth  sacral  vertebra.     They  were  iuserted  into  the  front  surface 
of  the  body  of  the  second,  third,  and  fourth  coccygeal  vertebrae. 

The  Professor  then  goes  on  to  relate  that  Albinus,  in  his  His- 
toi^ice  Afusculorum,  p.  336,  had  noted  this  muscle  in  three  subjects, 
but  that  in  others  they  were  replaced  by  ligamentous  or  tendin- 
ous fibres.  The  exact  statement  is :  "  Inveni  cum  in  tribus ;  in 
alio  imperfection  em  et  d^enerantium ;  in  aliis  non  musculo,  sed 
ligamento  simile."  The  extract  is  quoted  here  as  affording  excel- 
lent testimony  to  the  degeneration  of  muscles  into  ligamentous 
tissue,  from  so  famous  an  anatomist  as  Albinus  (1734). 

The  bands  of  fibrous  tissue  passing  from  the  lower  sacral 
vertebrae  to  the  coccyx,  and  known  as  the  posterior  sacro- 
coccygeal ligaments,  represent  in  man  the  extensor  coccygts  of 
anthropomorphae,  or  extensor  of  the  caudal  vertebrae  of  other 
animals.  In  man  the  place  of  these  ligaments  is  occasionally 
occupied  by  muscles,  the  attachments  of  which  are  thus  de- 
scribed by  Hyrtl : — 

"The  muscles  are  found  between  the  hinder  surface  of  the 
sacral  vertebrae  and  the  last  piece  of  the  coccyx.  They  are  a 
pair  of  tendinous  muscles,  repetition  of  a  muscle  which  appears 
in  most  mammals — a  sacro-coccygeus  posticus  seu  eoctensor  coccygis 
{Lehrhich  der  Anatomie,  p.  487). 

The  preceding  cases  serve  as  excellent  illustrations  of  the 
rules  to  be  followed  in  forming  conclusions  as  to  whether  any 
particular  band  of  fibrous  tissue  represents  a  degenerated 
muscle : — 

1.  It  must  correspond  with  its  presumed  representative  in 

origin  and  insertion. 

2.  The  muscle  should  occasionally  reappear  as  an  anomaly  in 

the  human  subject  and  replace  the  fibrous  tissue. 

3.  Failing  Rule  2,  the  muscle  should  assume  a  functional 

importance  in  other  animals. 

If  Rules  1  and  2  be  satisfied,  the  assumption  that  a  given 
fibrous  band  represents  the  muscle  is  reasonable;  if  the  third 
rule  be  sustained,  the  evidence  is  then  very  strong,  and  becomes 
almost  Q  certainty. 

If  Rules  1  and  2  be  not  satisfied,  the  notion  of  representation 
should  be  entertained  with  caution.  In  all  instances  recorded 
in  this  and  my  preceding  papers  on  the  subject,  these  conditions 
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have  been  fulfilled,  and  in  the  majority  the  three  rules  have 
been  carried  out,  and  further  testimony  also  adduced  in  support 
of  the  conclusions  set  forth. 

Thus — (1)  The  place  of  the  curvator  coccygis  is  occasionally 
occupied  by  a  fibrous  baud.  (2)  This  band  is  occasionally  re- 
placed  by  the  curvator  as  a  functional  muscle;  it  is  then 
regarded  as  an  anomalous  structure.  (3)  The  curvatores 
coccygis,  as  seen  in  man,  are  representatives  in  him  of  the 
depressores  caudte  present  in  very  many  of  the  lower  mammals. 

A  good  instance  of  regression  of  a  muscle  may  be  found 
between  the  atlas  and  par-occipital  process  of  the  occipital  bone. 

Filling  up  the  spaces  between  the  transverse  processes  of  the 
cervical  vertebrae  is  a  series  of  small  muscles  known  as  the 
intertransversales.  Two  of  these  exist  in  each  space,  being  at- 
tached to  the  anterior  and  posterior  bony  arches  which  form  the 
foramina  for  the  vertebral  artery ;  the  anterior  spinal  nerves 
pass  ont  between  them. 

Passing  upwards  from  the  atlas  to  the  occipital  bone  we  Gnd 
only  one  intertransversalis  muscle,  and  that  an  anterior  one, 
denominated  in  this  situation  the  rectus  capitis  lateralis.  Its 
posterior  companion  is  represented  by  a  fibrous  band  commonly 
known  as  the  lateral  occipiUHitlantal  ligament,  but  named  by 
ProfessoT  Humphry  the  posterior  oUique  UgafoerU,  This  bond 
fulfils  most  of  the  required  conditions  requisite  for  being  con- 
sidered a  degenerate  intertransverse  muscle,  for  it  arises  from 
the  posterior  part  of  the  lateral  mass  of  the  atlas,  lies  behind  the 
vertebral  artery,  and  has  the  suboccipital  nerve  (first  cervical) 
separating  it  from  the  rectus  capitis  lateralis.  In  the  majority 
of  animals  we  do  not  find  two  distinct  intertransversales  muscles 
between  the  vertebrae,  but  one  broad  muscle ;  and  at  the  atlas 
the  rectus  capitis  lateralis  is  a  muscle  of  considerable  size,  ex- 
tending from  the  lateral  mass  of  the  atlas  to  the  par-occipital 
process,  thus  occupying  the  situation  of  rectus  capitis  lateralis 
and  the  posterior  oblique  ligament 

The  most  extensive  collection  of  ligaments  arising  from  the 
disuse  of  muscles  is  probably  to  be  found  between  the  processes 
of  the  cervical  vertebrae  in  whales.  In  these  mammals,  in  the 
adult  state,  the  neck  vertebrae  fuse  into  a  solid  mass,  hence  the 
intervertebral  muscles  become  useless. 
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Professor  Struthers,  in  this  Journal  (vol.  vii,  1873),  contribated 
a  paper  "  On  the  Cervical  Vertebrae  and  their  Articulations  in 
Fin-whales/'  in  which  he  has  given  an  interesting  and  detailed 
description  of  the  massive  ligaments  found  betv^een  these  verte- 
bne,  which  leaves  little  doubt  in  my  mind  that  they  arise  from 
the  degeneration  of  the  muscles  usually  occupying  these  situ- 
ations in  other  animals. 

An  excellent  example  of  regression  of  a  muscle  is  afforded  by 
the  epiirochleo-aiiconeus,  a  small  muscle  frequeutly  present  in  the 
human  subject.  It  arises  from  the  back  of  the  internal  condyle 
of  the  humerus,  and  is  inserted  along  the  inner  border  of  the 
olecranon.  It  lies  over  the  ulnar  nerve.  This  muscle  has  been 
elaborately  investigated  by  Gruber.  An  excellent  review  of  the 
literature,  with  some  interesting  remarks  and  additional  instances 
of  its  occurrence,  will  be  found  in  this  Journal  (vol.  ix.),  by 
Mr  J.  C.  Galton.  The  muscle  is  exceedingly  common  among 
mammals.  Concerning  its  presence  in  man,  Mr  Galton  makes 
the  following  admirable  remarks  : — 

"  Though  I  will  readily  concede  that  the  epitrochleo-anconeus 
may  in  man  be  occasionally  adjutant  to  the  triceps,  it  seems  to 
be  rather  a  straining  after  a  re\o9  to  assume  that  any  fonction 
other  than  an  active  one  should  be  accredited  to  a  muscle  rather 
than  it  should  be  simply  deemed  rudimentary.  For  I  cannot 
help  regarding  the  function  of  an  organ  but  as  dependent  upon 
its  physical  capacity,  and  could  as  soon  conceive  of  a  ligament 
taking  upon  itself  the  active  duties  of  a  muscle,  as  of  the  latter 
enacting  the  passive  rSle  of  its  far  less  highly  organised  coad- 
jutor. Better  declare  at  once  that  a  purely  muscular  slip  is 
functionless  than  assume  that  it  exercises  the  office  of  pro- 
tecting a  nerve  from  external  injury. 

''  Seeing,  then,  that  this  muscle  has  been  found  so  frequently 
in  all  the  lower  mammals,  and  that  it  is  so  invariably  present  in 
an  order — and  that,  too,  one  of  the  lowest' — ^the  myology  of 
which,  at  any  rate,  has  been  most  carefully  studied,  while  it 
becomes  less  frequent  among  the  lower  Primates,  to  finally 
disappear  among  the  anthropoid  apes,  and  only  to  emerge  again 
occasionally  in  man  as  an  'anomaly,'  we  have  reason  for 
regarding  it,  as  we  do  such  a  structure  as  the  supracondyloid 

^  The  author  hrrc  refers  to  the  Edentata. 
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process,  as  a  now  almost  functionally  useless  heirloom,  which 
has  descended  to  us  from  very  remote  ancestors." 

A  careful  examination  of  the  region  of  the  olecranon  in  man 
has  enabled  me  to  come  to  the  following  conclusions,  viz.,  that 
even  when  the  epttrochleo-ancaneus  is  not  represented  as  a 
muscle,  its  place  is  occupied  by  a  collection  of  fibrous  tissue 
exactly  recalling  the  shape  of  the  muscle,  and  forming  a  bridge 
from  the  internal  condyle  to  the  olecranon,  under  which  passes 
the  ulnar  nerve.  Often  reddish  fibres  of  muscular  tissue  may 
be  demonstrated  in  this  fibrous  arch. 

In  the  accompanying  figures,  fig.  2  represents  the  epitrochleo- 
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Fio.  2. 

anconeus  as  it  occurs  in  man.  Fig.  1  shows  it  replaced  by  a 
tract  of  fibrous  tissue — the  usual  condition.  Fig.  3  represents 
the  elbow-joint  of  a  Virginian  opossum,  in  whom  this  muscle 
constantly  occurs. 

One  of  the  most  convincing  cases  concerning  the  degeneration 
of  a  muscle  into  fibrous  tissue  that  I  have  seen  occurred  in  the 
heart  of  a  deer,  the  wood  brocket  (Cariactis  ruinorivcLgua),  In 
this  creature  the  moderator  band  which  usually  unites  the 
opposite  walls  of  the  right  ventricle,  and  is  normally  of  well- 
developed  muscular  tissue  throughout,  was  in  this  case  con* 
verted  into  a  dense  band  of  fibrous  tissue. 
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TJie  Lumhar  Aponeurosis. 

Under  this  name  human  anatomists  have  found  it  convenient 
to  describe  three  stout  layers  of  fascia  ensheathing  the  erector 
spinse  and  quadratus  lumborum  muscles. 

The  superficial  layer  springs  from  the  spines  of  the  lumbar 
vertebrae  and  the  posterior  part  of  the  iliac  crest.  After  closely 
investing  the  erector  spinae,  it  joins  with  the  middle  layer  of 
the  aponeurosis  at  the  outer  border  of  that  muscle. 

The  middle  layer  springs,  by  strong  fibrous  bundles,  from  the 
tips  of  the  transverse  processes  of  the  lumbar  vertebrae;  and, 
passing  between  the  erector  spinae  and  quadratus  lumborum 
muscles,  blends  with  the  posterior  layer,  as  already  described, 
and  forms  a  strong  tendon  of  origin  for  the  transversalis  abdo- 
minis muscle. 

The  anterior  layer  of  the  lumbar  aponeurosis  is  attached  to 
the  front  of  the  transverse  processes  of  the  lumbar  vertebrse, 
covers  the  anterior  surface  of  the  quadratus  lumborum  muscle, 
and  blends  with  the  middle  layer  of  fascia.  Thus  the  anterior 
layer  blends  with  middle  at  the  oi^ter  border  of  the  quadratus 
lumborum,  whereas  the  posterior  and  middle  layers  of  the  apo- 
neurosis blend  at  the  outer  border  of  the  erector  spinae  muscle. 

Careful  inquiry  into  the  comparative  anatomy  of  the  posterior 
layer  of  the  aponeurosis  makes  it  evident  that  it  arises  from  the 
metamorphosis  of  the  lower  fibres  of  the  laXissimus  dorsi  muscle ; 
for  in  many  animals  this  fascia  is  wholly  replaced  by  muscle- 
fibres  continuous  with  the  latissimus  dorsi  sheet.  The  same 
mode  of  origin  may  be  maintained  for  the  anterior  aponeurosis 
of  the  external  oblique,  internal  oblique,  and  transversalis 
muscles,  also  the  resplendent  tendon  of  the  serrati  postici 
superior  and  inferior,  and  the  rhomboids.  Even  the  central 
tendon  of  the  diaphragm  has  arisen  from  the  metamorphosis  of 
its  muscular  fibres;  for  in  the  porpoise  there  is  no  trace  of 
tendon,  but  it  is  muscular  in  structure  throughout  the  whole  of 
its  extent. 

The  middle  layer  of  the  lumbar  aponeurosis  has  a  very  curious 
origin.  If  a  recent  subject  be  chosen,  and  the  muscles  of  the 
loiu  be  removed  down  to  the  middle  layer  of  the  lumbar  apo- 
neurosis, care  being  taken  not  to  injure  the  fascia,  there  will  be 


THE  NATUUE  OF  UGAMENTS.  247 

seen  arising  from  the  tips  of  the  transverse  processes  of  the 
three  upper  lumbar  vertebrae  a  fan-shaped  arrangement  of  fine 
fasciculi  composed  of  fibrous  tissue,  but  more  elastic  in  character 
than  the  rest  of  the  aponeurosis,  and  strongly  recalling  in 
appearance  the  nacreous-looking  fibres  of  origin  of  the  serratus 
posticus  inferior  muscle.  These  fan-shaped  masses  have  a 
direction  downwards  and  outwards,  the  apex  being  attached  to 
the  tip  of  the  transverse  process  exactly  like  a  levator  costss 
muscle,  and  there  can  be  little  doubt  that  these  thickenings  in 
the  middle  layer  of  the  lumbar  fascia  are  the  degenerate  remains 
of  a  set  of  muscles  in  continuation  of  the  levatores  costarum 
series.  These  fan-shaped  collections  of  tissue  in  the  middle 
layer  of  the  transversalis  aponeurosis  are  by  no  means  occa- 
sional, but  may  be  demonstrated  in  any  dissecting-room  subject 
with  ordinary  care. 

That  these  thickened  bands  really  represent  the  degenerate 
remains  of  levatores  costarum  muscles,  the  following  facts  will 
serve  to  prove  beyond  a  doubt. 

In  a  male  subject  dissected  in  my  room  at  the  Middlesex 
Hospital  this  winter,  a  lumbar  rib  was  detected  in  connection 
with  the  transverse  process  of  the  first  lumbar  vertebra.  In  this 
case  a  levator  costse  muscle  arose  from  the  tip  of  the  transverse 
process  of  the  twelfth  dorsal  vertebra,  and  was  inserted  into  the 
radimentary  rib  below,  making  in  all  thirteen  of  these  muscles 
on  the  right  side.  Hence  it  seems  very  clear  in  this  case  that 
we  have  to  deal  with  an  instance  in  which  one  of  these  muscles, 
usually  represented  by  fibrous  tissue,  had  resumed  a  functional 
condition  in  consequence  of  the  presence  of  a  supernumerary  rib. 
The  shape,  arrangement,  and  general  relations  of  the  muscles 
and  fascia  in  this  case  are  shown  in  fig.  4.  This  fact  fits  in  well 
with  the  current  opinion  that  the  internal  and  external  oblique 
muscles  of  the  abdomen  are  the  representatives  of  the  internal 
and  external  intercostal  muscles  of  animals  possessing  lumbar  ribs, 
e.g.,  lizards  and  crocodiles.  There  seems  to  be  little  doubt  that 
the  ilio-lumbar  ligament,  which  arises  from  the  transverse  process 
of  the  fifth  lumbar  vertebra  and  is  inserted  into  the  crest  of  the 
ilium,  is  really  the  degenerated  levator  costse  belonging  to  that 
vertebra.  Attention  must  now  be  directed  to  the  anterior  layer 
of  fascia — that  which  is  nearest  the  peritoneum.     If  the  abdo- 

VOL.  xix.  R 
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miaal  cavity  of  a  lizard  be  examiued,  it  will  be  seen  that  imme- 
diately beoeath  the  peritoneal  liaiug.and  in  close  union  with  the 
BurouB  membraue,  Ib  a  definite  layer  of  muscular  tissue  which  in 
the  ventral  part  Btroitgly  recalls  the  transverBalis  muscle,  but 
posteriorly  differs  from  tliat  structure  in  that  it  extends  quite  up 


to  the  vertebra  and  passes  anteriorly  into  the  thorax,  giving  off 
digitatioDB  to  find  attachment  to  the  inner  surface  of  the  ribs, 
very  much  resembling  in  this  respect  the  mode  of  origin  of  the 
serratns  magiiua  muscle  on  the  outside.  Another  feature  of 
interest  concerniug  this  muscle  may  be  mentioned.  Mivart,  in 
his  Elemeniarif  Atiatomy,  p.  300,  points  out  that — "  In  reptiles 
—  «.(;.,   Iguana  —  a    muscle,    the    retraltenles  costantm   (which 
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appears  to  have  no  ropresentative  in  man),  arises  by  muscular 
fibres  from  the  sides  of  the  bodies  of  the  trunk  vertebrse,  and  is 
united  by  aponeurosis  with  the  sides  of  the  seventh  and  eighth 
cervical  ribs  and  into  the  seven  following  ribs.  In  tailed 
batrachians,  such  as  Afenopoma,  this  muscle  is  very  fleshy,  and 
its  anterior  end  is  carried  forwards  beneath  the  basis  craniL 

A  careful  examination  of  the  muscle,  called  by  Mivart  the 
retrahetUes  costarum,  and  later  by  Professor  Humphry  referred 
to  as  the  sithvertebrcd  rectus  (in  his  account  of  the  myology  of 
the  Cryptohranchus  japonictis),  has  convinced  me  that  it  is 
nothing  more  than  a  segmentation  of  that  portion  of  the  trans- 
versalis  adjacent  to  the  vertebral  column,  the  digitations  of 
which  in  many  forms — e.^.,  siren,  iguana,  chameleon,  Oripto- 
hranchus,  and  many  others — have  acquired  an  insertion  into  the 
ribs  near  their  angles. 

In  the  possession  of  a  complete  diaphragm,  man  agrees  with 
all  mammals,  but  differs  from  all  other  animals  below  this  class. 

A  careful  study  of  the  arrangement  of  the  abdominal  muscles, 
particularly  in  lizards,  has  served  to  convince  me  that  the 
diaphragm  has  been  derived  from  an  original  extension  into  the 
thorax  of  the  transversalis  abdominis  muscle.  This  conception  is 
by  no  means  new,  for  I  find  that  Professor  Humphry  has  published 
the  following  view  of  the  matter  in  this  Journal  (vol.  vi.  p.  18): 
'*  There  can,  I  think,  be  little  doubt  that  the  C7^ra  of  the  dia- 
phragvi  in  mammals  are  formed  by  the  lumbar  parts  of  the  sub- 
vertebral  rectus  bending  downwards  on  the  sides  of  the  aorta  and 
encircling  it,  and  that  the  lateral  parts  of  the  diaphragm  are  in 
like  manner  formed  by  the  inflection  of  the  lateral  parts — the 
depressores  costarum  and  transversalis — of  the  same  sheet" 

For  my  own  part,  rather  than  complicate  matters  by  intro- 
ducing as  separate  muscles  what  are  really  differentiations  of  one 
and  the  same  sheet,  I  consider  all  that  muscular  layer  on  the 
inner  aspect  of  the  ribs  as  the  transversalis. 

In  order  to  make  myself  clear  on  this  point,  fig.  1  on  Plate 
XI  I.  will  afford  assistance.  It  represents  an  inner  view  of  the 
left  half  of  the  anterior  portion  of  the  body  of  alizsLrd  (Uromastix 
liardwickii).  The  transversalis  will  be  easily  recognised  extending 
from  the  pelvis  to  the  first  thoracic  rib,  and  laterally  to  the 
middle  line  in  the  abdomen,  but  in  the  thorax  it  terminates  at 
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the  sides  of  tlie  stciDum.  The  abdomiDal  part  iu  the  lizard  is 
sharply  marked  off  by  the  intense  black  colour  of  the  peritoneum 
(this  has  been  represented  in  the  drawing  by  deeper  shading). 
Beyond  this  point  the  muscle  will  be  seen  spreading  itself  over 
the  ribs,  and  at  its  anterior  part  the  digitations  may  be  easily 
seen  passing  to  the  rib  shafts.  The  digitate  portions  are  worthy 
attention,  for  in  their  origin,  direction  of  the  fibres,  and  insertion, 
they  exactly  recall  the  disposition  of  the  occasional  subcostal 
muscles  of  human  myology,  which,  when  present,  are  most 
frequently  found  near  the  angles  of  the  ribs  on  the  inner  aspect 
of  the  thorax. 

A  critical  examination  of  this  extensive  muscular  layer  in- 
duces me  to  offer  this  explanation : — 

The  inferior  or  ventral  portion  of  this  muscle  corresponds  to 
the  transversalis  muscle  of  human  anatomy,  its  upper  or  dorsal 
fibres  are  represented  by  the  anterior  layer  of  the  lumbar  aponeu- 
rosis. The  extreme  anterior  portions  which  are  attached  to  the 
inner  surface  of  the  foremost  ribs  are  occasionally  represented 
in  man  by  the  variable  sub-  or  infra-cost-al  muscles,  whilst  the 
intermediate  portion  in  mammals  forms  that  characteristic 
structure  in  mammalian  myology,  the  diaphragm;  and  the 
structures  known  as  the  ligamentum  arcuatum  internum  and 
externum  may  easily  be  conceived  as  arising  from  the  tendinous 
metamorphosis  of  a  few  fibres  of  the  muscular  sheet,  lying  be- 
tween the  transversalis  muscle  and  the  diaphragm. 

We  must  now  return  to  the  transversalis  aponeurosis.  Briefly 
stated,  the  origin  of  this  threefold  aponeurosis  would  seem  to  be 
this : — 

(a)  The  postei'ior  layer  results  from  the  metamorphosis  of  the 

lower  fasciculi  of  the  latissimus  dorsi  muscle. 

(b)  The  middle  layer  contains  degenerate  elements  of  the 

lower  representatives  of  the  levatores  costarum  series  of 
muscles,  one  of  which  forms  the  ilio-lumbar  ligament, 
and  possibly  this  sheet  of  fascia  is  made  up  entirely  in 
this  way. 

(c)  The  anterior  layer  is  the  representative  of  the  posterior 

portion  of  the  transversalis  muscle,  which  in  lizards,  e.g.t 
Uroniastix,  Hatteria,  &c.,  extends  as  a  muscle  from  the 
vertebral  centra. 


THE   NATURE  OF   LIGAMENTS.  251 

In  that  man  possesses  in  the  posterior  and  anterior  regions  of 
the  tmnk — for  there  can  be  little  reasonable  donbt  that  the  so- 
called  aponeurosis  of  the  oblique  and  transversalis  muscles  really 
result  from  the  metamorphosis  of  the  fasciculi  of  those  muscles — 
laige  sheets  of  tissue  composed  of  minute  glistening  tendons, 
he  contrasts  markedly  with  amphibians,  lizards,  and  ophidians, 
.  in  whom  these  aponeurotic  tracts  are  represented  by  sheets  of 

well-developed  muscular  tissue. 

The  Knee-Joint, 

It  is  proposed  in  the  next  few  pages  to  give  a  brief  outline  of 
the  probable  evolution  of  the  various  fibro-cartilages,  ligaments, 
and  synovial  membranes  of  this  complex  articulation,  which  has 
been  the  subject  of  so  much  interesting  discussion  from  time  to 
time. 

In  a  previous  paper  (this  Journal^  vol.  xviii.  p.  225),  it  was 
shown  that  the  external  lateral  ligament  of  the  knee-joint  in  man 
was  the  divorced  tendon  of  the  peroneus  longus  muscle.  This 
deduction  was  strengthened  by  the  fact  that  in  the  gibbon 
(Hyldbates  leiidatms),  the  peroneus  longus  muscle  arises  tendinous 
from  the  femur,  the  tendon  itself  taking  the  place  of  the  ex- 
lateral  ligament,  but  lacks  a  direct  attachment  to  the  head  of  the 
fibula.  I  have  been  able  to  confirm  this  observation  on  a  second 
specimen  of  the  silvery  gibbon  (jET.  leuciaciul),  thus  proving  it  to 
be  a  normal  condition.  In  the  curious  West  African  potto 
{PerodicticMs  potto),  the  relations  of  the  muscle  and  ligament  are 
very  intimate,  and  nearly  resemble  those  of  the  gibbon.  A 
precisely  similar  condition  exists  in  the  knee-joint  of  the  beaver. 
The  internal  lateral  ligament  is  derived  from  the  original  tendon 
of  insertion  of  the  adductor  magnus  muscle,  and  it  is  one  of  the 
common-place  facts  in  human  myology,  that  the  anterior  liga- 
ment is  the  tendon  of  the  quadriceps  extensor  of  the  thigh. 

Some  months  later,  in  a  second  paper  (this  Joumcd,  vol.  xix. 
p.  17),  it  was  suggested  that  in  all  probability  the  semimem- 
branosus muscle  would  be  found  responsible  for  the  internal 
interarticular  fibro-cartilage.  These  structures,  with  the  crucial 
ligaments,  will  be  fully  considered,  and  an  endeavour  will  be 
made  to  work  out  fully  the  history  of  the  singular  ligaments  of 
this  important  articulation  as  they  present  themselves  in  man. 
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If  one  of  the  tailed  batrachians  be  examined,  and  MeiM>- 
branch'us  lateralis  will  serve  as  an  excellent  example,  we  shall 
find  the  knee-joint  deficient  in  crucial  ligaments  and  inter- 
articular  fibro-cartilages,  so  that  in  this  creature  we  have  a  very 
good  starting-point. 

On  looking  closely  into  the  myology  of  these  amphibians,  a 
curious  fact  at  once  becomes  evident  that,  whereas  in  mammals, 
and  in  man  especially,  the  muscles  destined  for  the  pes  take 
origin  with  very  few  exceptions  from  the  tibia  and  fibula,  in 
these  creatures  they  arise  almost  exclusively  from  the  femur. 
This  is  significant,  and  clearly  indicates  that  it  is  in  the  forms 
filling  up  the  gap  between  Urodele  batrachians  and  the  lowest 
mammals  that  we  must  seek  for  an  explanation  of  the  changes 
which  ensue  round  about  the  knee-joint,  in  order  to  elucidate  the 
peculiar  arrangement  of  the  ligaments,  &c.,  in  the  knee-joint  of 
those  which  give  *'  suck  to  their  young,"  and  in  this  way  work 
upwards  to  man. 

In  our  first  asoensive  step  we  are  encountered  by  the  frogs, 
who  startle  us  with  the  richness  of  the  musculature  of  their  limbs, 
for  in  many  respects  myological  differentiation  in  them  surpasses 
that  which  pertains  even  in  man. 

On  examining  the  knee-joint  of  a  frog,  it  will  be  found  to 
possesss  interarticular  fibro-cartilages  and  crucial  ligaments,  but 
these  structures  differ  in  a  very  important  manner  from  those  of 
mammals. 

In  the  first  place,  the  interarticular  fibro-cartilages  are  directly 
continuoas  with  the  tendons  of  muscles ;  the  inner  cartilage  is  in 
direct  continuity  with  a  muscular  mass  corresponding  to  the 
semimembranosus.  This  muscle  is  usually  described  as  being 
inserted  into  the  back  of  the  head  of  the  tibia,  but  the  main  mass 
will  be  found  inseparably  associated  with  the  cartilage,  as  I  have 
described.  The  external  fibro-cartilage  is  not  well  formed,  and 
seems  rather  to  be  a  continuation  of  the  inner  one  than  as  repre- 
senting a  discrete  element  of  the  knee-joint,  such  as  we  find  in 
higher  forms. 

The  crucial  ligaments  are  not  such  distinct  structures  as  are 
found  usually  in  animals  possessing  them,  but  they  seem  to  be 
made  up  of  prolongations  of  connective  tissue  and  tendon  from 
the  various  muscles  arising  from  the  condyles  of  the  femur,  such 
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as  the  gastrocnemius,  tibialis  anticus,  posticus,  extensor  cruris 
brevis,  &c. 

The  question  at  once  suggests  itself — Why  should  so  much 
difference  prevail  in  the  anatomy  of  this  joint  in  animals  so 
closely  related  as  Urodeles  and  Anoura  ? 

Dr  Gadow,  in  his  instructive  paper  on  ''Comparative  Myology" 
(this  Jourrud^  vol.  xvL  p.  501),  to  which  I  have  so  often  referred, 
writes : — 

"  We  must  remember  that  the  change  of  an  aquatic  animal, 
which  used  its  limbs  simply  like  paddles,  into  a  semi-aquatic  and 
partly  terrestrial^  and  therefore  crawling,  creeping,  and  running 
creature,  involved  a  complete  change  of  its  muscles,  and  at  a 
later  period  of  its  bony  framework.  In  swimming  animals,  such 
us  ceratodus  and  menobranchus,  the  longitudinal  axis  of  the  whole 
limb  is  nearly  straight,  whilst  a  terrestrial  life  necessitates  the 
bending  of  a  limb  at  several  angles,  and  the  development  of  more 
or  less  complicated  joints." 

It  is  this  flexion  which  explains  how  tendons  outside  the  joint 
in  animals  whose  limbs  are  nearly  straight  get  drawn  ioto  the 
joint  when  the  limb  is  acutely  bent 

When  the  leg  is  extended,  the  anterior  surfaces  of  the  femur 
and  tibia  are  in  the  same  plane  ;  when  the  leg  is  flexed,  the  broad 
upper  surface  of  the  tibia  is  brought  into  contact  with  the 
lower  part  of  the  posterior  surface  of  the  femoral  shaft,  and  im- 
mediately in  relation  with  the  tendons  of  origin  of  the  muscles 
destined  for  the  foot,  and  in  many  cases  with  muscular  tissue 
itself. 

Therefore  in  menobranchus,  the  axis  of  whose  hind  limb  is 
nearly  straight,  the  tendons  are  excluded  from  the  joint,  and 
arise  from  the  femur.  In  the  frogs,  whose  limbs  are  flexed,  the 
tendons  of  origin  of  many  of  the  leg  muscles  intruding  upon  the 
joint  get  drawn  between  the  opposed  surfaces  of  the  tibia  and 
femur,  constituting  fibro-cartilages,  crucial  ligaments,  and  lateral 
ligaments,  as  the  case  may  be. 

For  a  long  time  I  suspected  that  the  fibro-cartilages  of  the 
knee-joint  might  possibly  represent  an  aborterl  segment  in  the 
limb,  for  in  some  lizards  {Teius  teguexin  and  Uromastix)  these 
discs  contain  bone.  Further  research,  however,  shows  conclu- 
sively that  the  fibro-cartilages  are  tendons  of  muscles,  and  that 
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in  many  lizards  a  sesamoid  bone  develops  in  them  (see  Plate 
XII.  fig.  4). 

The  crucial  ligaments  must  now  be  considered.  It  has  previ- 
ously been  shown  that  the  region  of  the  knee-joint  has  been  the 
seat  of  very  considerable  disturbance  among  the  muscles.  For 
example,  in  primitive  forms,  like  lepidosireu,  the  muscular  layers, 
pass  from  the  trunk  and  invest  the  limbs  without  any  transverse 
segmentation  occurring.  In  frogs,  lizards,  and  crocodiles,  a  gap 
occurs  in  the  muscular  sheet,  the  proximal  segments  attaching 
themselves  to  the  tibia,  the  distal  muscles  arising  from  the  lower 
end  of  the  femur.  In  this  way  the  quadriceps  extensor,  sar- 
tovius,  gracilis,  the  hamstring  group,  and  the  adductor  magnns, 
become  inserted  into  the  tibia ;  whilst  the  extensors  and  flexors 
of  the  digits,  the  peroneal  group,  gastrocnemius,  plantaris, 
tibialis  anticus,  and  posticus,  arise  from  the  femur. 

Later  migration^  occurred  whereby  many  of  the  muscles 
shifted  their  insertion  from  the  tibia  and  formed  a  new  attach- 
ment to  the  femur,  e.g,,  the  adductor  magnus. 

On  the  other  hand,  many  muscles  left  their  acquired  origin 
from  the  femur  and  descended  to  new  attachments  on  the  tibia 
and  fibula  (migration).  Hence  it  is  necessary  to  decide  whether 
a  given  ligament  of  the  knee-joint  has  had  its  origin  from  one  of 
the  thigh  muscles  shifting  its  insertion,  or  from  one  of  the  leg 
muscles  migrating  to  the  tibia  or  fibula  from  the  femur. 

Both  these  processes  have  been  in  operation,  and  in  a  previous 
paper  evidence  was  adduced  to  support  the  view  that  the 
internal  lateral  ligament  was  originally  the  tendon  of  the  pero- 
neus  longus,  which  muscle  has  migrated  from  the  femur  to  the 
fibula;  whilst  the  internal  lateral  ligament  results  from  the 
adductor  magnus  muscle  withdrawing  its  point  of  insertion  from 
the  tibia  to  the  femur. 

There  can  be  little  doubt  that  the  crucial  ligaments  have  a 
similar  origin,  but  it  is  not  quite  clear  to  which  muscles  they 
originally  belonged.  It  is  possible  to  limit  the  muscles  to  three 
or  four  to  which  they  may  have  been  attached.  The  long  extensor 
of  the  toes  and  the  tibialis  anticus  muscle  arise  in  many  animals 
from  the  femur  when  crucial  ligaments  are  present,  so  that  they 
may  be  excluded  satisfactorily  enough.    The  muscles  on  which  the 

^  For  explanation  of  this  term,  vide  vol.  xix.  p.  41. 
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lot  falls  are  the  tibialis  posticus,  flexor  longus,  and  the  extensor 
brevis  digitorum ;  for  thoogh  the  last  muscle  arises  in  man  and 
many  other  animals  from  the  dorsum  of  the  foot,  yet  in  Mono- 
tremata  and  several  of  the  Phalangista  it  takes  origin  in  part 
from  the  upper  extremity  of  the  fibula.  To  which  of  these 
muscles  the  crucials  originally  belonged  it  is  difficult  to  decide ; 
bat  I  am  strongly  inclined  to  the  view  that  the  tibialis  posticus 
is  the  source  of  the  posterior  crucial  ligament  In  a  young 
specimen  of  the  sharp-nosed  crocodile  I  obtained  for  dissection, 
the  fibres  of  the  tibialis  posticus  could  be  clearly  seen  passing 
upwards  in  continuity  with  the  posterior  crucial  ligament,  but 
this  is  the  only  instance  in  which  such  continuity  could  be 
detected.  There  is  one  other  possible  claimant  for  association 
with  these  ligaments,  and  this  is  the  peroneo-tibial  muscle.  It 
occurred  to  me  that  as  this  muscle,  io  spheuodon,  menopoma, 
menobranchus,  the  wombat,  and  others,  fills  up  the  gap  between 
the  tibia  and  fibula,  it  might  in  some  of  the  associated  forms  be 
found  extending  even  to  these  ligaments,  and  so  on  to  the  femur; 
although  a  great  number  of  dissections  have  been  conducted 
with  this  object  in  view,  the  verdict  rests  altogether  in  favour  of 
the  tibialis  posticus  being  the  parent  muscle. 

The  synovial  membrane  must  now  be  considered.  If  the 
knee-joint  of  a  colt  be  dissected  with  care,  it  will  be  found  that 
instead  of  the  articular  surface  of  the  patella  forming  the  anterior 
boundary  of  that  joint,  as  it  does  in  man,  it  is  excluded  from  the 
articulation  by  a  septum  of  fibrous  tissue ;  in  fact,  the  patella, 
like  other  sesamoid  bones,  glides  between  the  condyles  of  the 
femur,  and  is  surrounded  by  its  own  peculiar  bursa.  The  same 
condition  is  met  with  in  other  ruminants. 

In  adult  horses  the  bursa  communicates  with  the  synovial 
cavity  of  the  joint  by  means  of  a  small  foramen. 

In  the  beaver  the  arrangement  of  the  synovial  membranes  of 
the  knee-joint  is  after  this  fashion.  There  is  a  distinct  synovial 
pouch  for  the  patella  and  the  patellar  surface  of  the  femur. 
The  cavity  for  the  articular  surfaces  of  the  femur  and  tibia  is 
divided  into  two  parts  by  the  crucial  ligaments  and  a  septum  of 
connective  tissue,  thus  making  three  synovial  membranes  in  all : 
one  for  the  patella,  and  one  for  each  femoral  condyle  and  the 
corresponding  articular  surface  on  the  head  of  the  tibia. 
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In  man,  however,  this  septum  disappears,  save  a  few  strong 
fibres  in  the  middle  line,  which  pass  from  the  lower  border  of 
the  patella  to  the  intercondyloid  notch  immediately  below  the 
patellar  facet.  This  band  of  tissae,  with  its  lateral  fringes, 
adipose  and  fibrous  in  structure,  is  denominated  in  human 
anatomy  the  ligamentum  mucosum  with  the  ligamenta  alaria. 
In  reality  they  are  simply  vestiges  of  the  sac- wall  of  the  bursa, 
originally  developed  between  the  patella  and  the  femoral  con-- 
dyles. 

Examine  a  human  foetus  at  the  ninth  month,  or  even  early, 
by  dividing  the  knee-joint  vertically,  as  in  Plate  XII.  fig.  5. 
The  synovial  membrane  will  be  found  arranged  as  follows: — 
The  proper  cavity  ends  on  a  level  with  the  upper  border  of  the 
articular  cartilage  of  the  femur.  Immediately  above  this,  and 
lying  behind  the  quadriceps  extensor  muscles,  is  a  large  bursa, 
whose  sac  communicates  with  that  of  the  knee  joint  proper  by  a 
small  opening  in  its  lower  part  After  birth,  however^  the 
diaphragm  between  the  two  cavities  quickly  disappears;  the 
synovial  membrane  of  the  joint  and  the  bursa  blend  to  form  one 
common  cavity.  Thus  it  follows  that  the  large  cul-de-sac  of 
synovial  membrane  extending  under  the  extensor  muscles  of  the 
thigh  is  due  to  secondary  causes.  It  has  also  been  shown  that 
this  has  occurred  in  connection  with  the  patella,  so  that  the 
knee-joint,  as  seen  in  man,  is  made  up  of  its  own  synovial  mem- 
brane reinforced  by  two  very  considerable  bursae. 

Viewed  in  full  light  the  evolution  of  the  structures  concerned 
in  man's  knee-joint  may  be  considered  as  resulting  from  the 
changes  produced  by  the  retrogression  and  migration  of  muscles 
to  provide  it  with  ligaments.  The  metamorphosis  of  tendon  to 
furnish  it  with  iuterarticular  fibro  -  cartilages,  and  lastly  the 
annexation  of  bursse  to  extend  the  dimensions  of  its  synovial 
territory.^ 

The  chief  features  in  the  curious  history  of  this  remark- 
able joint  are  visually  represented  in  Plate  XII.  figs.  2,  3,  4,  «5, 
and  6. 

It  must  not  be  forgotten  that  intricate  as  is  the  knee-joint  in 
man,  it  is  surpassed  in  complexity  by  the  corresponding  articu* 

^  Professor  Macalister  has  come  to  similar  conclusions  in  a  short  paper  "On 
the  Morphology  of  Joints,"  read  before  the  Royal  Irish  Academy,  February  18S3. 
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lafcion  of  birds.  This  is  chiefly  brought  about  on  account  of  the 
fibula  extending  above  the  tibia,  and  articulating  with  a  groove 
in  the  outer  condyle  of  the  femur. 

For  convenience,  the  origin  of  the  various  structures  of  the 
knee-joint  may  be  arranged  in  a  tabular  form: — 


Lateral  Ligaments. 

Internal, 
External, 

Tendon  of  the  adductor  magnus 

muscle. 
Tendon  of  the  peroneus  longus. 

Fibro-  Cartilages, 

Internal, 
External, 

From  the  tendon  of  the  semi- 

membranosus  muscle. 
Tendon  of  the  popliteus. 

Crucials. 

Anterior, 
PoBterior, 

There  are  no  certain  facts  as  to 
which    muscle    it    originally 
belonged. 
.     Tibialis  posticus  muscle. 

Synovial  Mentbrane. 

Tlie  great  cul-de-sac,  Original  bursa  between  the  quad- 

riceps extensor  and  the  femur. 

Middle  portion.  The  original  patellar  bursal  sac. 

Liig.  mucosum  and  alaria,     .     The  remains  of  the  original  sac- 

wall  of  the  patellar  bursa. 

The  Ligaments  of  the  Vertebral  Column. 

The  spinal  column  abounds  in  ligaments,  some  passing 
between  the  various  segments  of  the  spine,  others  from  indi- 
vidual vertebrte  to  the  ribs,  and  so  on.  The  most  cursory 
glance  at  such  ligaments  as  the  interspinous,  and  in  the  dorsal 
region  the  intertransversales,  must  convince  any  observer  that 
they  are  reaUy  fibrous  representatives  of  a  very  considerable 
portion  of  the  muscles,  interspinales,  and  intertransversales, 
which  occupy  correspouding  positions  in  the  cervical  and 
lumbar  regions  of  the  column. 

So^  too,  in  respect  of  the  ligaments  connecting  the  heads  and 
tubercles  of  the  ribs  with  the  vertebrae,  viz.,  the  anterior  and 
posterior  costo-transverse,  and  the  stellate  ligaments,  they 
doubtless  represent  what  were  at  one  time  muscles ;  indeed,  in 
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many  animals  we  find  muscles  occupying  corresponding  posi- 
tions. As  the  origin  of  these  ligaments  is  so  evident,  they  need 
not  detain  us  any  longer,  and  we  must  pass  on  to  consider  the 
ligamenta  subflava,  of  which  it  is  not  too  much  to  say  '*  they  are 
brimful  of  interest." 

The  Ligamenta  Subflava, 

When  describing  the  ligamerUum  conjugale  costarum  in  this 
Journal  (vol.  xviii.  p.  225),  it  was  suggested  that  in  all  proba- 
bility this  structure  represented  a  portion  of  a  suppressed 
vertebral  segment.  Whilst  engaged  in  looking  more  closely 
into  this  matter,  T  was  led  to  observe  the  significance  of  those 
singular  plates  of  yellow  elastic  tissue,  which  alternate  with  the 
laminae  of  the  vertebrae  in  mammalia,  and  are  known  as  the 
ligamenta  subflava,  or  lig.  intercruralia. 

If  the  vertebml  column  of  a  cartilaginous  fish,  such  as  the 
skate,  be  examined,  it  will  be  found  to  present  the  following 
characters : — The  centrum  of  each  vertebra  is  a  cylindrical  body, 
with  each  end  deeply  concave — in  a  word,  amphicaelous.  The 
ends  of  each  centrum  meet  with  its  fellows  in  front  and  behind, 
so  that  between  any  two  vertebra)  a  hollow  exists,  filled  in  with 
gelatinous  tissue,  the  remains  of  the  notochord. 

The  transverse  processes  are  represented  by  rods  of  cartilage 
proceeding  from  either  side  of  the  centra.  Standing  on  each 
side  of  the  dorsal  surface  of  each  centrum  is  a  small  triangular 
plate  known  as  the  neural  process.  This  presents  a  foramen  for 
the  transmission  of  the  ventral  root  of  a  spinal  nerve. 

Fitting  in  between  the  neural  processes,  and  coming  into 
relation  with  the  space  between  contiguous  centra,  may  be  seen 
hexagonal  plates  of  cartilage,  known  as  the  interneural  plates, 
which,  in  most  parts  of  the  column,  complete  the  neural  arches, 
and  fill  up  at  the  same  time  the  spaces  corresponding  to  the 
intervertebral  foramina  in  a  mammal's  spine.  Each  of  these 
plates  is  pierced  for  the  transmission  of  the  dorsal  root  of  the 
spinal  nerve,  whose  ventral  root  traversed  the  neural  process 
immediately  anterior  to  it. 

Alternating  with  the  interneural  plates,  but  corresponding 
with  the  neural  processes,  and  consequently  with  the  centra  of 
the  vertebrae,  may  be  seen  other  plates  of  cartilage,  known  as 
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the  neural  spines.  The  lower  part  of  the  neural  spine  resembles 
an  inverted  Y.  The  two  arms  of  the  letter  join  with  the  inter- 
neural  plates  in  front  and  behind  it ;  in  exceptional  cases  the 
neural  spine  may  unite  directly  with  the  neural  process,  as 
shown  at  spin  Plate  XII.  fig.  7. 

If  the  arrangement  represented  in  fig.  7  be  attentively  con- 
sidered, it  becomes  evident  that  the  vertebral  column  of  the 
skate  is  made  up  of  a  series  of  alternating  segments ;  thus  we 
have  a  vertebral  centrum,  with  its  neural  process,  neural  spine, 
and  associated  nerve,  the  ventral  root  of  a  spinal  nerve.  To  this 
succeeds  a  segment  made  up  of  a  gelatinous  tissue,  the  em- 
bryonic notochord,  in  relation  with  an  intemeural  plate,  with  a 
correlated  n^rve,  the  dorsal  root  of  a  spinal  nerve. 

Leaving  the  cartilaginous  fishes  for  a  space,  we  pass  to  the 
vertebral  column  of  man.  In  him,  as  in  the  skate,  the  spine  is 
made  up  of  a  series  of  alternating  segments.  Thus  we  have  a 
centrum,  with  its  neural  processes,  the  pedicles,  surmounted  by 
the  neural  spines ;  to  this  succeeds  an  intervertebral  disc,  with 
its  pulpy  nucleus  and  an  intemeural  plate,  a  ligamentum  sub- 
fiavwm.  All  this  exactly  as  in  the  skate ;  but  now  comes  the 
question  of  nerves. 

There  are  no  morphological  guides  so  safe  and  so  reliable  as 
nerves.  Now  and  then  they  lead  the  anatomist  from  the  true 
path,  but  they  are  valuable  in  the  extreme  as  good  interpreters, 
and  afford  guidance  in  the  decipherings  of  the  morphologists. 

It  is  now  well  known  to  embryologists  that  the  dorsal  roots 
of  the  spinal  nerves  in  the  elasmobranch  fishes  not  only  arise 
from  the  spinal  cord  earlier  than  the  ventral  roots,  but  alternate 
with  them,  this  alternation  of  the  dorsal  and  ventral  roots  being 
maintained  even  in  adult  life  {vide  Plate  XII.  fig.  8).  Thus  the 
embryological  history  and  normal  arrangement  of  the  spinal 
nerves  in  sharks  and  rays  affords  distinct  evidence  of  segmenta- 
tion. The  ventral  roots  correspond  with  the  vertebral  centra, 
whilst  the  dorsal  roots  harmonise  with  the  intervertebral  seg- 
ments and  their  associated  ligamenta  subflava. 

Any  one  reading  these  statements  will  at  once  observe  that 
my  intention  is  to  put  forward  the  opinion  that  the  ligamenta  sub- 
flava, as  seen  in  mammals,  including  man,  are  direct  descendants- 
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of  the  interneural  plates  present  in  the  spinal  column  of  a 
skate.  Such  is  my  object,  and  in  support  of  the  view  further 
evidence  will  now  be  adduced. 

Passing  from  elasmobranchs  to  teleosteans  (bonj  fish,  such  as 
the  perch,  pike,  &c.),  we  find  the  interneural  plates  wanting,  their 
place  being  supplied  bj  ordinary  fibrous  tissue.  This  alteration 
of  texture  at  once  raises  the  question — Can  a  structure,  such  as 
an  interneural  plate  in  one  animal,  be  represented  by  fibrous 
tissue  in  another  ?  Of  this  we  have  a  very  excellent  example 
in  man  himself.  In  the  early  foetus  the  rod  of  cartilage  known 
as  Meckel's  cartilage  extends  from  the  malleus  to  the  symphysis 
menti ;  but  in  adult  life  it  is  merely  represented  by  the  fibrous 
ligament  known  as  the  long  internal  lateral  ligament  of  the 
lower  jaw.  The  cartilage  atrophies,  but  its  sheath  thickens  and 
becomes  ligamentous. 

Many  other  examples  could  be  adduced  were  they  necessary 
to  establish  the  point.  Another  question  forces  itself  for  con- 
sideration. The  ligaments  now  being  discussed  are  formed  of 
fibrous  tissue  in  teleosteans,  but  in  birds,  in  man,  and  in  other 
mammals,  they  are  composed  of  yellow  elastic  tissue.  May  these 
two  substances  be  regarded  as  convertible?  The  following  is 
evidence  in  favour  of  this  view : — In  many  mammals — notably 
the  horse,  elephant,  ox,  sheep,  and  very  many  others — we  find  a 
ligamentum  nuchse  passing  from  the  occiput  to  the  spines  of 
many  of  the  vertebrae.  In  the  giraffe  it  extends  even  to  the 
sacrum.  This  ligament  in  the  mammals  mentioned  is  famous 
for  presenting  yellow  elastic  tissue  in  its  most  typical  condition ; 
yet  in  man  this  very  remarkable  ligament  is  represented  by  a 
tract  of  fibrous  tissue.  Thus  in  many  animals  low  in  the  scale 
we  find  fibrous  tissue  passing  from  occiput  to  the  spine,  usually 
of  the  seventh  cervical  vertebrae,  then  in  other  animals — e,g.,  the 
horse,  where  resilence  is  required — ^yellow  elastic  tissue  appears 
in  abundance,  to  disappear,  when  it  is  no  longer  required  for  its 
elastic  properties,  in  animals  higher  in  the  scale,  even  in  man 
himself.  All  these  changes  may  be  observed  in  the  class 
mammalia. 

With  this  evidence  before  us,  it  may  not  appear  unreasonable 
to  suppose  that  the  interneural  plates  in  the  vertebral  column  of 
elasmobranchs    are  represented  by   fibrous  ligaments   in   the 
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teleostean  fishes  and  Id  the  spine  of  mammals  by  the  well-known 
ligamenta  subflava.  Further,  if  nerves  are  to  be  trusted  as 
guides,  the  vertebral  column  is  made  of  alternating  segments, 
each  being  composed  as  follows : — 

A  vertebral  body  with  the  pedicles,  laminae,  and  spinous  pro- 
cess, its  associated  nerve  being  the  ventral  root  of  a  spinal  nerve. 

The  second  segment  is  made  up  of  the  remains  of  a  section 
of  the  notochord,  surrounded  by  dense  fibrous  tissue  (the  inter- 
vertebral disc  of  mammals).  Posteriorly  it  has  an  inter- 
neural  plate  in  elasmobranchs,  fibraus  tissue  in  teleosteans, 
and  yellow  elastic  tissue  (ligamentum  subflavum)  in  mammals, 
the  associated  nerve  being  the  dorsal  root  of  a  spinal  nerve. 

Lastly,  the  intervertebral  disc  is  not  by  any  means  a  simple 
structure.  The  various  factors  entering  into  its  composition  are 
represented  in  Plate  XI  [.  fig.  9.  In  the  centre  is  the  pulpy  i*emains 
of  the  notochord,  surrounded  by  fibrous  tissue,  the  thickened  re- 
mains of  the  notochordal  sheath.  The  posterior  border  of  the 
disc  is  made  up,  or  rather  extended,  by  the  fusion  with  it  of  the 
median  portion  of  the  ligamentum  conjugale  costarum,  ending  on 
either  side  as  the  interosseus  ligament  attached  to  the  heads  of 
the  corresponding  ribs. 

It  will  now  be  convenient  to  arrange  the  spinal  ligaments 
dealt  with  in  this  paper,  and  their  ancestry  in  a  tabular  form  : — 

Ligaments  of  the  Spine. 

Intertraosyerse  ligaments  of    Intertransverse  mascles  in  the 
the  dorsal  region,  .  cervical  and  lumbar  regions. 

Lat.  occipito-atlantal.  Rectus  capitis  lateralis  (posterior  fibres). 

Interspinons,  Interspinales    muscles    in    the 

cervical  region. 

Ilio-lumbar, .  .  Levator  costa*  muscle. 

Anterior  and  posterior  costo- 
tninsverse,  .  Muscles  of  the  back. 

Interosseous  of  rib-heads,  Lig.  conjugale  costarum. 

Lig.  subflava,  .  .     Are  in  mammals  the  representa- 

tives of  the  intemeural  plates 
of  sharks,  rays,  &c. 

The  GlenO'humeral  Zigament. 

In  the  second  paper,  attention  was  drawn  to  the  occurrence  in 
the  shoulder-joint  of  some  mammals  of  the  gleno-humeral  baud 
in  such  a  well-marked  degree  as  to  constitute  a  veritable  liga- 
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roentum  tere&  The  aaiDials  included  in  the  previous  list  were 
the  wombat,  galago,  opossum,  hedgehog,  and  chlamydophorous. 
To  this  list  must  be  added  the  tree-porcupine  {SphiTigurus  pre- 
hensilis),  the  vulpine  phalanger  {Phalangista  vtUpina),  the  crab- 
eating  opossum  (Diddphys  cancrivora),  and  the  beaver  {Cador 
canadenesis),  the  prairie  marmot  {Cynomys  Ivdoviciarvus),  the  mole 
{Talpa  europea),  and  the  Canadian  porcupine  {Eriihizon  dorscUvs), 

In  the  case  of  the  vulpine  phalanger,  it  was  so  large  as  to 
exceed  the  tendon  of  the  biceps  in  transverse  section.  In  the 
case  of  the  beaver,  the  gleuo- humeral  ligament  was  as  large  as  the 
ligamentum  teres  in  that  anLmaVs  hip-joint.  In  order  to  see  this 
ligament  satisfactorily  in  any  animal,  all  the  muscles  in  contact 
with  the  capsule  should  be  removed  and  the  joint  opened  from  the 
outer  side.  If  a  gleno-humeral  Ligament  be  present,  it  will  be  at 
once  recognised  running  parallel  with  the  long  tendon  of  the 
biceps,  stretching  from  the  base  of  the  coracoid  process  to  the 
lesser  tuberosity  of  the  humerus. 

The  relations  of  the  coraco-  and  gleno-humeral  bands,  and  the 
long  tendon  of  the  biceps  to  the  capsule  of  the  shoulder-joint  and 
to  one  another,  are  represented  on  Plate  XII.  fig.  10. 

Summary. 

Having  attempted  to  work  out  the  origin  of  some  of  the  chief 
ligamentous  and  fibrous  tracts  of  the  human  body,  it  will  be 
useful  to  condense  the  result  of  the  inquiry  in  the  form  of  a 
summary. 

1.  Fibrous  tracts  and  ligamerUs  resvMing  from  the  degeruration 
of  mvscles : — 

(a)  In  the  axial  skeleton.    The  interspinous,  intertransverse, 

post  oblique  of  the  occipito-atlantal  set,  coccygeal, 
rhomboids,  anterior  and  posterior  costo-transverse,  the 
middle  layer  of  the  lumbar  aponeurosis,  ilio-lumbar,  the 
lig.  arcuatum  internum  and  externum,  and  the  temporo- 
maxillary  fibro-cartilage. 

(b)  In  the  appendicular  skeleton   we  have   the  rhomboid, 

conoid,     trapezoid,   gleno-humeral  bands,    the  internal 
brachial  ligament,  epitrochleo-anconeal  fascia,  interosseous 
membrane  of  the  fore-arm,  and  palmar  fascia. 
The  great  sacro-sciatic  ligaments,  anterior  thick  portiou 
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of  the  capsule  of  the  hip-joint,  the  interosseous  membrane 
of  the  leg,  the  superior  tibio-6bular  ligaments,  and  the 
plantar  fascia. 

2.  Ligaments  and  aponeurotic    tracts  arising  from   tendons, 
include  the  following : — 

(a)  Axial  skeleton.    The  anterior  and  posterior  layers  of  the 

lumbar  aponeuroses,  central  tendon  of  the  diaphragm, 
aponeuroses  of  internal,  external  oblique,  and  transversalis 
muscles. 

(b)  Appendicular  skeleton.    The  gleno-humeral  lig.,  the  liga- 

mentum  teres,  the  internal,  external,  and  crucial  ligaments 
of  the  knee,  with  the  semilunar  fibro-cartilages.  The 
internal  and  external  lateral  ligaments  of  the  ankle-joint, 
the  calcaneo-scaphoid,  and  the  long  and  short  plantar 
ligaments. 

3.  Skeletal  elements  represented  hy  fibrous  and  elastic  tissue, 

(a)  Axial    skeleton.      The    check,    transverse,    suspensory, 

posterior  occipito-atlantal  and  atlo-axoid  ligaments.  The 
intervertebral  discs,  interosseous  lig.  of  the  rib  heads  and 
the  ligamenta  subflava.  The  long  internal  lateral  of  the 
lower  jaw,  the  stylo-hyoid  and  anterior  lig.  of  the  malleus. 

(b)  Appendicular  skeleton.      The  interclavicular  and  inter- 

articular  cartilages  at  each  end  of  the  clavicle.    The  long 

costo-coracoid  ligament 
It  may  not  be  out  of  place  to  briefly  summarise  the  various 
stages  the  muscular  system  of  the  limbs  of  animals  has  passed 
through  in  its  probable  evolution  to  the  highly  diiferentiated 
condition  we  find  in  the  highest  mammals,  including  man. 

In  its  simplest  form  it  consists  of  a  muscular  sheet  prolonged 
from  the  trunk  to  the  distal  end  of  the  limb.  This  original  sheet 
becomes  divided  into  proximal  and  distal  segments.  Later,  the 
mass  divides  into  layers,  which  strata  suffer  longitudinal  division 
into  independent  musclea  Any  two  of  these  may  subsequently 
fuse  to  form  a  single  muscla  The  muscle  may  change  its' 
point  of  origin  or  insertion  ;  more  frequently  this  change  affects 
the  origin.  This  mode  of  change  is  conveniently  termed  migra- 
tion. The  extremities  of  the  muscle  may  become  metamorphosed 
into  tendon,  which  tendon  may,  in  certain  cases,  become  divorced 
from  the  parent  muscle,  and  remain  in  relation  with  a  joint  as 

VOL.    XIX.  s 
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its  ligament.  Lastly,  a  muscle  may  abort,  leaving  no  trace  of  its 
former  existence,  or  be  represented  merely  by  fibrous  tissue,  re- 
appearing occasionally  as  an  anomaly. 

Nerves  in  Tendon. 

It  seems  to  me  that  the  view  which  would  regard  tendon  as 
resulting  from  the  metamorphosis  of  muscle  receives  some  con- 
siderable support  from  the  curious  mode  of  nerve  terminations 
in  the  tendons.  Golgi  and  others  have  described  certain  long 
spindle-shaped  bodies,  composed  apparently  of  modified  connec- 
tive tissue,  into  which  one  or  more  meduUated  nerve  fibres  end 
ill  small  granular  swellings.  In  others,  structures  something 
like  the  end-bulbs  of  the  conjunctiva  occur.  Pacinian  corpuscles 
have  long  been  described  in  connection  with  the  sheaths  of 
tendons  and  ligaments.  The  general  arrangement  and  termina- 
tion of  nerves  in  tendon  strongly  resemble  those  of  muscle. 

The  whole  question  of  the  relation  of  muscles,  tendons,  and 
ligaments  has  a  practical  bearing,  inasmuch  as  it  affords  an 
anatomical  explanation  of  the  knee-jerk  phenomenon  so  familiar 
to  schoolboys,  which  in  the  hands  of  the  physician  becomes  an 
example  of  '*  philosophy  in  sport  made  science  in  earnest." 

This  paper  must  now  be  concluded.  Doubtless  independent 
workers  will  not  agree  with  me  on  all  the  points  discussed  as  to 
the  nature  of  ligaments.  Though  I  have  made  full  use  of  the 
writings  of  other  anatomists  on  questions  of  myology,  yet  I  must 
add  that  the  utility  of  their  dissections,  though  of  signal  value 
ill  many  points,  has  been  very  considerably  narrowed,  because 
the  question  of  arthrology  was  neglected  in  the  majority  of  cases. 
In  the  second  paper  I  added  a  list  of  works  with  full  acknow- 
ledgment of  those  which  had  served  me  well  in  this  special 
study.  All  the  subjects  touched  upon  have  been  carefully  con- 
sidered and  discussed  without  the  bias  of  any  preconceived 
opinion,  and  may  possibly  be  nearer  the  truth  in  consequence. 
An  abundant  supply  of  fresh  material  for  dissection  has  enabled 
roe  to  verify  all  the  facts  detailed.  I  venture  to  publish  them 
in  the  hope  that  othets  may  be  induced  to  investigate  the  subject 
still  further.  To  me  the  inquiry  has  been  a  source  of  consider- 
able interest,  instruction,  and  pleasure. 
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The  illustrations  were  drawn  from  my  dissections  by  Mr 
Wynter  and  my  brother ;  to  them  I  am  indebted  for  much  help 
in  this  matter. 


EXPLANATION   OF  PLATE   XIL 

Fig.  1.  Showing  the  arrangement  of  the  transversalis  abdominis  in 
a  lizard  (Uromctstix),  The  dark-shaded  portion  is  the  true  transver- 
salis abdominis.  The  part  near  the  vertebra  corresponds  to  the  retra- 
hentes  costarum.  The  lighter  parts  in  mammals  become  diaphragm 
and  subcostal  muscles. 

Fig.  2.  Knee-joint  of  a  tailed  batrachian  {Menohranchus  lateralis). 
No  fibro-cartilages  or  cracial  ligaments. 

Fig.  3.  Knee-joint  of  frog  {Rana  mugiena^  a  tailless  batrachian),  with 
fibro-cartilages  and  crucial  ligaments. 

Fig.  4.  Knee-joint  of  a  lizard  (Teius  teguexin),  with  sesamoid  bones 
in  the  fibro-cartilages. 

Fig.  5.  Knee-joint  of  a  human  foetus  (third  month),  showing  the 
three  distinct  synovial  sacs. 

Fig.  6.  Knee-joint  of  a  foetus  at  term  ;  the  three  synovial  sacs  have 
fased,  the  ligamentum  mucosum  alone  remaining.  (The  crucials  and 
cartilages  ai*e  not  represented  in  this  and  fig.  5,  so  as  to  avoid  compli- 
cating t^he  figure.) 

Fig.  7.  Portion  of  the  vertebral  column  of  a  skate,  to  show  the 
interneural  plates  and  the  relation  of  the  dorsal  and  ventral  roots  of 
the  spinal  nerves  to  the  vertebral  segments. 

Fig.  8.  A  diagram  of  the  spinal  cord  of  an  elasmobranch  fish,  show- 
ing the  alternation  of  the  dorsal  and  spinal  nerve  roots.  (After 
Wiedersheim. ) 

Fig.  9.  A  drawing  to  represent  the  composite  character  of  an  inter- 
vertebral disc  in  the  dorsal  region  of  the  spine  of  man. 

Fig.  10.  The  glenoid  fossa  of  the  scapula,  showing  the  relation  of 
the  biceps  tendon,  gleno-humeral,  and  coraco-humoral  band  to  the 
capsular  ligament  and  to  one  another. 


SUPERNUMERARY  CERVICO-DORSAL  VERTEBRA- 
BEARING  RIBS,  WITH  VERTEBRAL  AND  COSTAL 
ASYMMETRY ;  ABNORMAL  ARTICULATION  IN  A 
STERNUM.  By  W.  Arbuthnot  Lane,  M.S.  F.R.aS., 
Demonstrator  of  Anatomy  to  Ouy's  Hospital,  and  Assistant- 
Surgeon  to  the  Hospital  for  Sick  Children,  Great  Ormond 
Street. 

In  the  end  of  a  paper  I  wrote  in  the  Guy's  Hospital  Reports, 
1883-84—"  Cervical  and  Bicipital  Ribs  in  Man  "—I  described 
the  skeleton  of  a  silvery  gibbon  {Hylobntes  lev/:iscus,  No.  65, 
Order  Primates),  in  the  Museum  of  the  Royal  College  of  Surgeons. 
It  presented  seven  cervical  vertebrae,  and  below  these  thirteen 
vertebrae-bearing  ribs. 

The  first  pair  of  ribs  were  but  slightly  curved,  differing  alto- 
gether in  form  from  the  first  ribs  in  others  of  the  same  species. 
In  front  they  were  pointed,  and  were  attached  by  slender  fibro- 
cartilaginous bands  to  the  manubrium,  behind  the  facets  for 
articulation  with  the  clavicles.  On  the  left  side  the  second 
costal  cartilage  was  attached  to  the  manubrium  in  the  position 
and  after  the  manner  of  the  normal  first,  and  on  the  right  side 
just  a  little  below.  The  cartilages  of  the  third  ribs  articulated 
on  the  same  level  with  the  sternum,  at  the  junction  of  the 
manubrium  and  gladiolus.  In  that  case,  I  was  inclined  to  regard 
the  upper  pair  of  ribs  as  cervical  ribs,  and  the  supernumerary 
vertebra  as  an  eighth  cervical.  At  the  same  time,  it  suggested 
to  me  the  possibility  that  many  of  the  cases  which  are  described 
as  cervical  ribs,  fused  cervical  and  first  thoracic,  or  fusion  of  the 
upper  two  thoracic  ribs,  are  frequently  instances  of  a  rib 
articulating  with  an  eighth  cervical,  or  fusion  of  this  with  a 
first  thoracic  rib ;  and  that,  owing  to  the  absence  of  the  rest  of 
the  skeleton,  or  to  its  imperfect  examination,  this  fact  has  been 
overlooked.  Against  such  a  rib  being  regarded  as  cervical,  it  is 
not  so  very  uncommon  to  6nd  in  man  thirteen  dorsal  vertebrae, 
each  bearing  a  rib ;  and  in  these  cases  there  is  no  difiiculty  in 
regarding  the  lowest  dorsal  vertebra  as  the  supernumerary  one. 
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Instances  of  this  kind  have  been  described  by  Professor  Struthers 
in  the  Journal  of  Anatomy  and  Physiology,  vol.  ix. — ^"  On  Varia- 
tions of  Vertebrse  and  Ribs  in  Man  " — along  with  instances  of 
snpernumeraiy  lumbar,  sacral,  and  coccygeal  vertebrae.  I  have 
failed  to  find  any  recorded  case  of  supernumerary  cervical 
vertebrsB  not  bearing  ribs.  I  recently  observed  in  the  dissecting- 
room  a  male  subject,  in  which  there  were  thirteen  dorsal 
vertebrae-bearing  ribs.  These  were  typical  dorsal  vertebrae,  and 
the  ribs  were  normally  arranged,  eight  articulating  symmetrically 
with  the  sternum,  the  upper  piece  of  which  measured  1^  inches, 
and  the  lower  4^  inche&  The  outer  span  of  the  first  ribs,  which 
were  symmetrical,  was  2^  inches.  This  subject  presented  many 
muscular  abnormalities,  among  which  were,  on  either  side, 
chondro-epitrochlearis  and  three-headed  biceps  muscles.  The 
case  I  will  now  describe  is  one  of  some  importance,  owing  to 
the  numerous  deviations  from  the  normal  present  in  it 

It  was  a  male  subject.  There  were  present  seven  cervical 
vertebrsB,  thirteen  vertebrae-bearing  ribs,  five  lumbar,  and  five 
sacraL  There  are  thirteen  ribs  on  either  side.  The  first  right 
rib  resembles  exactly  in  appearance  the  usual  supernumerary 
cervical  rib.  It  is  movable,  and  extends  forwards  from  its 
tubercle  for  three-quarters  of  an  inch.  Its  head  articulates  with 
a  prominence  on  the  side  of  the  body  of  the  eighth  vertebra. 
Till  I  had  thoroughly  dissected  the  subject,  I  considered  it  to  be 
an  instance  of  a  cervical  rib  articulating  with  the  seventh 
cervical,  though  I  felt  puzzled  by  the  large  size  of  the  lower  ribs 
and  mesosternum.  A  dense  fibrous  band  extended  from  its 
extremity  to  the  upper  margin  of  the  rib  below  it.  This  band 
was  merely  a  thickening  in  a  fibro-muscular  expansion,  which 
was  inserted  into  the  whole  upper  border  of  this  rib.  Outside 
this  was  a  layer  of  muscle  fibre,  apparently  external  intercostal 
muscle.  Inside  this  was  the  anterior  branch  of  the  ninth  nerve, 
which  soon  disappeared  beneath  the  rib  below.  The  greater 
part  of  the  ninth  nerve  crossed  the  neck  of  the  rib,  and  just 
before  doing  so  it  was  joined  by  a  large  branch  of  the  tenth 
spinal  nerve. 

The  ganglia  on  the  seventh,  eighth,  and  ninth  nerves  were 
connected  together  by  a  greyish  process.  This  appeared  to 
contain  no  nerve  fibre,  and  passed  between  the  neck  of  the  rib 
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transverse  process,  and  through  the  foramen  in  the  bifid  trans- 
verse process  of  the  seventh  cervical. 

The  right  second  rib  resembled  in  every  particular  a  normal 
first  rib.  It  articulated  by  its  head  with  the  side  of  the  body  of 
the  ninth  vertebra,  and  in  front  by  a  cartilage,  corresponding  in 
form  and  relations  to  the  first  costal,  with  the  manubrium.  The 
greatest  span  of  this  rib  was  3|  inches,  its  greatest  breadth 
1  inch.  The  measurements  along  its  convexity  and  concavity 
were  7  inches  and  4^  inches  respectively. 

Anteriorly,  the  right  third  rib  articulated  by  its  cartilage,  like 
the  normal  second,  with  the  sternum  at  the  junction  of  the  first 
and  second  pieces.  Its  greatest  breadth  was  half  an  inch. 
Below  it  six  other  ribs  articulated  with  the  sternum,  making 
eight  in  all. 

The  right  thirteenth  rib  was  4^  inches  long. 

The  left  first  rib  articulated  with  the  side  of  the  body  of  the 
eighth  vertebra,  and  with  its  transverse  process. 

In  front  of  its  tubercle  the  rib  presented  but  a  very  slight 
horizontal  curve,  the  shaft  running  almost  directly  forwards, 
being  connected  to  the  manubrium  by  its  cartilage,  in  the  usual 
position  of  the  normal  first  cartilage. 

The  greatest  span  of  this  rib  was  3  inches ;  its  greatest 
breadth  ^-  inch.  The  measurements  along  its  convexity  and 
concavity  were  5  and  3^  inches  respectively.  It  differs  very 
much  from  a  normal  first  rib  in  appearance. 

The  left  second  rib  resembles  a  normal  second  rib  in  form 
and  direction.  Its  cartilage  articulates  with  the  sternum  at  the 
junction  of  the  manubrium  and  gladiolus,  one-third  of  an  inch 
higher  than  the  right  third  rib,  owing  to  the  lower  margin  of  the 
manubrium  being  directed  slightly  obliquely  upwards  and  to 
the  left.  Its  convex  measurement  was  7,  and  its  concave  5^ 
inches. 

The  thirteenth  rib  is  4}  inches  long.  On  the  whole,  right 
costal  cartilages  articulate  with  the  left  half  of  the  sternum,  all 
below  the  first  being  on  a  level  slightly  higher  than  those  on  the 
right  side. 

Lying  on  the  nock  of  the  left  first  rib  is  a  nerve  formed  by  the 
greater  part  of  the  ninth  and  part  of  the  tenth.  The  ganglia  of 
the  seventh,  eighth,  ninth,  and  tenth  were  connected,  as  *  were 
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those  on  the  right  side.  The  Bcalenus  aoticus  was  very  small 
on  both  sides.  On  the  right  side  it  was  perforated  by  the  sab- 
clavian  artery,  and  on  the  left  by  the  artery  and  the  cord  formed 
by  the  ninth  and  tenth  nerves.  The  right  clavicle  was  6  inches 
long ;  the  left  5^  inches.  The  omohyoids  had  only  one  fleshy 
belly  each,  which  arose  by  an  aponeurotic  origin  from  the 
clavicle.  There  was  no  subolavius  muscle  present  on  either 
side. 

The  spinous  processes  presented  numerous  abnormalities. 
There  was  only  one  limb  of  bifurcation  of  the  spine  of  the  third 
cervical,  viz.,  the  left ;  and  to  it  both  the  interspinous  muscles 
were  attached.  The  spinous  processes  o(  the  fifth,  sixth,  seventli, 
and  eighth  vertebrae  were  not  bifid.  That  of  the  seventh  was 
rotated  on  itself  through  an  angle  of  45°.  Its  right  transverse 
processes  was  bifid  and  perforated  by  a  foramen,  and  the  left 
was  perforated  but  not  bifid.  The  spines  of  the  eighth  and 
ninth  resembled  that  of  the  ordinary  vertebra  prominens. 

The  left  transverse  process  of  the  eighth  vertebra  is  a  quarter 
of  an  inch  lower  than  the  right ;  while  that  of  the  ninth  is  about 
one-third  of  an  inch  below  its  fellow.  This  is  due  to  this  trans- 
verse process  being  forced  downwards  and  backwards,  so  forming 
a  deeper  and  narrower  groove  between  itself  and  the  spinous 
processes  than  on  the  opposite  side.  It  is  evidently  a  compen- 
satory change  to  allow  of  the  greater  crowding  the  ribs  on  this 
side.  I  have  not  seen  this  condition  of  vertebral  asymmetry 
occurring  congenitally  before,  though  a  similar  change  in  form 
is  produced  by  carrying  heavy  weights,  or  in  ordinary  lateral 
curvature.  The  left  transverse  process  of  the  tenth  and  eleventh 
vertebne  are  also  slightly  lower  than  those  on  the  right,  while 
the  transverse  processes  of  the  twelfth  are  symmetrically  ar- 
ranged. 

The  spinous  processes  of  the  tenth,  eleventh,  and  twelftli 
vertebrae  were  extremely  short,  merely  forming  stunted  emin- 
ences at  the  junction  of  the  laminae.  The  spines  of  the  thir- 
teenth and  fourteenth  gradually  increase  in  size,  and  that  of  the 
fifteenth  is  almost  normal  in  character. 

The  supraspinous  ligament  connecting  the  spines  of  the 
fifteenth,  sixteenth,  and  seventeenth  vertebrae  is  very  dense  and 
thick,  and  in  it  are  two  pieces  of  bone,  the  upper  half  an  inch, 
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and  the  lower  three-quarters  of  an  inch,  long.  These  do  not 
appear  to  be  connected  in  any  way  with  the  spinous  process,  but 
look  like  ossifications  in  the  ligament.^ 

The  vertebral  arteries  enter  the  foramina  in  the  transverse 
processes  of  the  sixth  cervical  vertebra. 

Looking  at  the  whole  description,  I  would  regard  the  vertebra 
as  a  supernumerary  cervical  vertebra  bearing  ribs,  and  not  as  an 
instance  of  thirteen  dorsal  vertebrae  bearing  ribs,  and  in  which 
the  upper  part  of  the  chest  was  undeveloped.  This  is  of  coarse 
quite  a  matter  of  opinion,  and  I  have  published  the  full  account^ 
as  it  differs  from  any  case  I  have  yet  come  across. 

The  spinal  column  presented  marked  pressure  changes,  and 
was  a  good  example  of  the  second  form  of  deformity  which  I 
described  in  the  Transactions  of  the  MedicO'Ckirurgieal  Society 
vol.  Ixvii. — "  Three  Forms  of  Spinal  Deformity."  The  bodies  of 
the  cervical  vertebra  were  more  modified  in  form  than  they 
generally  are,  and  the  arthrodial  articulations  developed  from 
the  amphiarthrodial  allow  of  much  more  movement  than  they 
usually  do  in  this  form  of  physiological  deformity. 

The  next  specimen  is  a  sternum  which  I  obtained  from  the 
body  of  an  old  woman  in  the  dissecting-room.  The  manubrium 
and  upper  pair  of  pleurostea  have  united  to  form  a  single  bone, 
which  articulates  with  the  remainder  of  the  sternum  by  an 
amphiarthrodial  articulation  allowing  of  considerable  movement 
It  is  quite  transverse  in  direction,  and  there  is  no  synovial  mem- 
brane present.  The  length  of  the  upper  piece  of  the  sternum  is 
2^  inches,  and  the  first  and  second  costal  cartilages  articulate 
with  it,  and  on  either  side  of  the  amphiarthrodial  articulation 
are  the  third  costal  cartilages  articulating  partly  with  both 
bones. 

Articulating  also  with  the  lower  piece  of  the  sternum,  which 
measures  3|  inches,  are  the  cartilages  of  the  four  following  ribs, 
and  these  are  symmetrically  arranged.  The  sternum  is  much 
narrower  than  usual.  The  ribs  are  about  the  average  size.  I 
have  not  seen  this  condition  of  sternal  articulation,  nor  have  I 
read  of  it  as  occurring  in  man. 

*  These  I  find  sometimes  in  the  greatly  hypertrophied  supraspinous  ligament 
present  in  this  region  in  this  form  of  himbar  curve. 
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In  a  paper  Id  the  JounuU  of  Anatomy  and  Physiology — **  Sternal 
and  Costal  Asjrmmetry" — I  suggested  that  the  articnlation 
usually  present  between  the  manubrium  and  sternum  was  due 
to  the  leverage  action  of  the  clavicle  upon  the  first  costal  arch 
and  manubrium;  and  these  movements  appear  to  be  limited  to 
man  almost  entirely. 

In  the  orang-utans  and  in  the  gorillas  it  is  not  unusual  for  the 
manubrium  to  unite  with  one  or  more  pleurostea  of  the  gladiolus. 
In  man  it  is  by  no  means  very  uncommon  to  find  the  manubrium 
fused  to  the  gladiolus.  Why  union  should  occur  in  some  cases 
and  not  in  others  is  difficult  to  understand.  Maisonnauve 
("  Luxations  du  Sternum/'  Archiv.  Gen.  de  MedScin,  ser.  iiL  voL 
xiv.)  ascribed  it  to  changes  taking  place  in  old  age ;  but  I  have 
found  it  as  frequently  in  the  vigorous  adult  as  in  the  old 
subject. 

I  have  thoroughly  examined  many  chests  in  which  this  fusion 
of  the  sternal  pieces  had  taken  place,  but  I  have  failed  to  find 
any  circumstances  which  is  invariably  present  which  can  be  re- 
garded as  a  determining  influence  or  cause.  It  seems  to  occur 
more  frequently  among  men  than  women.  It  is  present  in  cases 
in  which  the  upper  part  of  the  chest  is  relatively  large,  as  well 
as  where  it  is  relatively  small.  It  is  also  present  in  men  who 
had  performed  much  hard  labour,  as  well  as  in  women. 

As  a  very  large  proportion  of  sterna  possess  an  articulation, 
one  can  only  conclude  that  its  absence  is  due  to  an  unusually 
rapid  growth  and  fusion  of  the  pleurostea  before  the  causes 
determining  the  formation  of  an  articulation  have  had  time  to 
act,  and  that  in  the  sternum  I  have  just  described,  though  the 
manubrium  and  the  upper  pair  of  pleurostea  had  united,  these 
causes  were  sufficient  to  determine  the  formation  of  an  articula- 
tion, and  so  to  associate  intimately  in  the  movements  of  the 
clavicle  the  second  as  well  as  the  first  costal  arch.  1  had  hoped 
that  this  specimen  would  have  thrown  some  light  on  the  causes 
which  determine  the  joint  formation. 

Cervical  Rib  in  Female  Subject. 

The  vertebral  formula  is  normal. 

The  cervical  rib,  which  is  on  the  right  side,  is  a  fixed  one. 
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From  its  tubercle  to  its  head  it  measures  1  iuch,  and  from  the 
tubercle  to  the  anterior  extremity  its  length  is  1^  inches.  Its 
head  is  connected  by  fibrous  tissue  and  ligaments  to  the  adjoin- 
ing margins  of  the  sixth  and  seventh  cervical  vertebraa  and 
intervertebral  substance,  it  being,  however,  bound  more  inti- 
mately to  the  seventh  than  to  the  sixth  vertebra. 

This  attachment  of  the  head  differs  from  what  I  have  pre- 
viously seen,  as  it  is  usually  attached  to  the  body  of  the  seventh 
vertebra,  midway  between  its  upper  and  lower  borders. 

The  neck  is  separated  from  the  transverse  process  by  a  space, 
through  which  pass  an  artery  and  vein. 

The  tubercle  presents  a  large  facet,  connected  to  the  transverse 
process  by  ligamentous  tissue  chiefly,  but  in  its  outer  part  by 
bone,  so  rendering  the  rib  a  fixed  one. 

The  shaft  of  the  rib  presents  near  its  extremity  two  grooves, 
the  anterior  being  well  marked  and  occupied  by  the  subclavian 
artery.  The  posterior  one  is  grooved  by  the  cord  formed  by  the 
eighth  cervical  and  first  dorsal  nerve. 

From  the  extremity  and  lower  margin  of  the  rib  a  fibro- 
muscular  layer  is  attached  to  the  upper  margin  of  the  first 
thoracic  rib,  and  into  the  outer  half-iuch  of  its  cartilage.  It  is 
very  fibrous  in  its  inner  portion,  forming  in  its  inner  margin  a 
firm  tendinous  cord. 

Behind  this  expansion,  and  intimately  connected  with  it,  is 
the  dome  of  the  pleura. 

The  scalenus  anticus  is  small,  but  arises  normally  from  the 
tubercles.  Below  it  spreads  out  and  forms  a  tendinous  expan- 
sion, which  is  inserted  into  the  outer  part  of  the  margin  of  the 
tendinous  prolongation  of  the  cervical  rib. 

The  scalenus  medius  is  inserted  partly  into  the  cervical  and 
partly  into  the  first  thoracic  rib. 

The  eighth  cervical  nerve,  before  being  joined  by  the  first 
dorsal,  gives  off*  an  anterior  branch,  which  runs  in  the  space 
below  the  cervical  rib,  then  on  beneath  the  fibro-muscular 
expansion,  and  then  beneath  the  first  thoracic  rib,  perforating 
the  muscles  in  the  interspace  below  it,  and  becoming  cutaneous. 
On  the  left  side  the  cervical  rib  consists  of  a  head  which  is 
connected  by  intervening  ligament  to  the  upper  margin  of  the 
seventh  cervical,  and  of  a  neck  which  is  separated  from  the 
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transverse  process  by  a  foramen-transiuittiDg  vessel  Outside 
this  it  is  continuous  with  a  large  transverse  process,  and  only 
projects  slightly  from  it,  forming  a  blunt  extremity.  There  is 
arising  from  it  a  fibro-muscular  expansion,  exactly  similar  but 
smaller  than  that  on  the  opposite  side.  The  subclavian  artery 
lies  on  the  free  margin  of  this  expansion,  and  not  on  the  rib 
below. 

The  scalenus  anticus  is  inserted  as  on  the  right  side,  the 
inner  limit  of  its  expansion  reaching  the  upper  margin  of  the 
first  rib.  It  is  split  by  the  artery.  The  arrangement  of  the 
nerves  is  the  same  as  on  the  opposite  side. 

The  lirst  thoracic  ribs  articulate  equally  with  the  seventh 
cervical  and  first  dorsal  vertebrae.  They  are  more  oblique  than 
usual,  resembling  rather  normal  second  ribs  in  appearance. 
Neither  is  grooved  by  the  subclavian  artery.  The  outer  span 
measures  2  J  inches. 

The  eleventh  rib  measures  about  8  inches,  the  left  being  a 
little  longer  than  the  right 

The  twelfth  rib  is  fixed  on  the  right  side,  and  measures 
2  inches,  and  on  the  left  side  it  is  absent. 

The  manubrium  is  very  broad,  its  broadest  part  measuring  2^ 
inches.  It  is  1|  inches  long.  The  gladiolus  is  3|  inches  long. 
Seven  cartilages  articulate  with  the  sternum. 

In  this  instance,  though  the  cervical  rib  is  larger  on  the  right 
side,  the  twelfth  rib  is  alone  present  on  the  same  side.  The  sub- 
clavian arteries  appeared  to  lie  in  a  plane  posterior  to  that 
usually  occupied  by  them.  Though  the  manubrium  is  not  much 
longer  than  usual,  it  is  certainly  considerably  broader.  I  have 
described  this  case  in  detail,  as  it  presents  some  deviations  in 
character  from  those  1  have  already  examined. 


SOME  POINTS  IN  THE  HISTOLOGY  OF  THE  MEDULLA 
OBLONGATA,  PONS  VAROLII,  AND  CEREBELLUM. 
By  W.  AiNSLiB  HoLUS,  M.D.  Cantab.,  Brighton.  Part  V. 
(Plate  XIIL) 

The  Olivary  Bodies, — The  longitudinal  reticular  fibres  of  the 
medulla,  in  passing  on  the  inner  or  central  side  of  the  dentate 
bodies  of  the  olivary  nuclei,  appear  to  be  closely  associated  with 
the  proper  fibres  of  the  siliqusB,  and  in  this  way  these  ganglionic 
zones  may  be  indirectly  connected  with  the  spinal  cord.  The 
general  arrangement  and  trend  of  the  fibres  passing  to  and  from 
the  capsules  and  central  nuclei  make  it,  however,  more  probable 
that  these  bodies  belong  to  the  cephalic  than  to  the  rachidian 
neural  system.  For  instance,  the  hilus,  with  its  associated 
hypoglossal  and  other  nerve  fibres,  forms  a  bond  of  union 
between  the  intra-olivary  tissues  and  the  grey  vesicular  floor  of 
the  fourth  ventricle  {cf.  Van  der  Eolk,  On  the  Medulla  Oblongata, 
N.S.S.,  p.  143) ;  but  this  portion  of  the  central  grey  substance  does 
not  run  uninterruptedly  into  the  vesicular  columns  of  the  cord, 
as  I  have  elsewhere  shown  {Jour,  of  Anat.  and  Phys.,  voL  xviii, 
p.  412).  On  the  dorso-cephalic  aspect  of  each  olive  the  fibres 
of  the  siliqua  pass  outwards  through  interruptions  in  the  dentate 
zone.  A  large  contingent  of  these  fibres  passes  dorsally  towards 
the  cerebrum,  some  distance  below  the  grey  ventricular  floor, 
accompanying  the  longitudinal  reticular  fibres  of  this  region, 
and  also  the  dorsal  pyramidal  branch  to  be  subsequently  de- 
scribed. Possibly  some  lateral  fibres  from  the  cephalic  extremities 
of  the  siliquse  join  others,  which  curve  backwards  and  upwards 
to  the  middle  peduncle,  and  there  become  associated  with  the 
cerebellar  dentate  body  on  either  side;  for  I  have  traced  a 
bundle  of  fibres  passing  in  the  direction  mentioned.  This 
arrangement  produces  a  complicated  decussation  of  nerve-fibres 
on  either  side  of  the  pons.  Along  the  dorsal  aspect  there  are 
three  principal  involutions  of  the  dentate  zone  in  each  olive, 
excluding  those  at  the  cephalic  and  caudal  extremities  respec- 
tively. The  general  direction  of  these  involutions  is  backwards 
and  downwards  (fig.  2,  numerals).     Anteriorly,  there  are  several 
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breaks  in  the  dentate  body  throa^h  which  fibres  pass  upwards 
to  the  pyramidal  trnnks  from  the  central  nuclei.  The  folds  of 
grey  substance  of  the  olive  in  a  bilateral  longitudinal  section 
have  a  general  direction  upwards  and  outwards  (fig.  1,  ol,  ol). 
The  whole  olive  in  such  a  section  seems  apparently  to  be  divided 
by  deep  involutions  of  sjmectic  tissue  into  three  or  more  separate 
nuclei,  as  seen  in  the  same  figure,  which  was  copied  from  a 
photograph.  These  divisions,  however,  are  only  apparent,  and 
not  actual,  as  other  sections  of  the  olives  clearly  demonstrate.  On 
the  inner  or  central  aspect  a  narrow  band  of  vesicular  substance, 
containing  cell-clusters  similar  in  form  to  those  of  the  dentate 
zone,  although  possibly  somewhat  larger,  represents  on  either 
side  of  the  medulla  a  supplementary  olivary  nucleus  (the 
pyramidal  nucleus  of  Stilling).  This  vesicular  zone  passes 
downwards  to  the  caudal  extremity  of  its  respective  olive,  and 
then,  curving  somewhat  outwards,  terminates  about  a  line  below 
that  body  (fig.  1,  d*).  It  is  surrounded  by  loose  synectic  tissue, 
and  is  largely  supplied  with  blood-vessels.  Of  the  nerves  asso- 
ciated with  the  olives,  the  restiform-arcuate  fibres  are  the  most 
numerous,  and  probably  the  most  important  (fig.  4,  r,  r,  ar,  ar). 
In  passing  through  the  dentate  zone,  the  curved  restiform  fibres 
become  more  sinuous  in  outline,  frequently  split  up  into  several 
smaller  bundles,  which  subsequently  reunite  again,  or  widen  out, 
forming  a  brush-like  extremity  of  terminal  fibrils,  shown  in  the 
figure,  which  is  copied  in  outline  from  a  photograph.  On  the 
inner  or  central  side  the  restiform  fibres  unite  with  the  arcuate 
septa  of  the  raph^  {ar,  ar\  These  septa  (or  fibres,  as  they  are 
erroneously  called)  are  visible  in  transverse  sections  of  the 
medulla  as  short  parallel  bands  of  synectic  tissue,  containing 
nerve  fibres,  which  in  some  instances  cross  the  raph^.  The 
connection  between  the  curved  restiform  fibres  and  the  septa  is 
carioua  Each  restiform  fibre  on  approaching  the  latter  is  split 
into  two  or  more  bundles  of  fibrils,  to  be  connected  separately 
with  neighbouring  arcuate  septa.  Furthermore,  each  arcuate 
septum  is  associated  with  two  or  more  adjacent  restiform  fibres, 
an  arrangement  readily  observable  in  the  figure.  This  descrip 
tion  only  applies  to  transverse  sections  of  the  medulla ;  for  in 
reality  each  arcuate  septum  probably  collects  fibrils  from  a  large 
number  of  adjacent  restiform  fibres.     It  is  only  in  this  manner 
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that  these  fibres  coald  fill  as  they  do  the  lengthened  interstices 
between  the  longitudinal  reticular  fibres  which  here  represent 
the  arcuate  septa  (fig.  5).  The  hypoglossal  nerve-trunks  pass 
usually  across  the  dentate  bodies  at  angles  nearly  approaching 
right  angles.  This  structural  peculiarity  precludes  in  most 
instances  the  idea  of  any  direct  communication  between  them. 
I  have,  however,  occasionally  traced  a  few  nerve-fibrils  from  the 
main  trunk  to  pass  along  with  the  restiform  fibres  dorsally 
towards  that  body.  Many  of  the  apparent  nerve  offsets  from 
the  hypoglossal  fibres  are  really  traversing  restiform  fibres 
(fig.  4,  hy). 

In  ceitain  cases  the  brush-like  terminal  fibrils  of  the  dentate 
zone  seem  to  pass  outwards  with  a  hypoglossal  trunk.  It  may 
be  that  this  arrangement  implies,  as  Van  der  Eolk  surmised,  a 
close  physiological  relationship  between  the  hypoglossal  nerves 
and  the  olivary  nuclei.  He,  however,  based  his  argument  on  the 
assumed  connection  between  the  hypoglossal  nuclei  and  the 
olives,  and  not  from  the  anatomical  data  I  have  here  men- 
tioned. 

The  Pyramids  in  the  Pons  Varolii, — The  main  pyramidal 
trunk,  as  I  have  above  stated,  bifurcates  on  either  side  at  the 
apex  of  the  olivary  nucleus  (fig.  3,  pt).  Of  the  two  branches  so 
formed,  the  dorsal,  in  conjunction  with  fibres  from  the  olivary 
capsule  (fig.  3,  dpy  so),  passes  immediately  behind  the  transverse 
fibres  of  the  trapezium  and  the  deep  fibres  of  the  middle  cere- 
bellar crus  (fig.  6,  dp).  This  branch  runs  for  a  considerable 
distance  in  close  proximity,  but  somewhat  deeper  than  the  main 
body  of  pontile  reticular  fibres,  a  continuation  of  the  longitudinal 
fibres  of  the  medulla.  About  on  a  level  with  the  superior  foveae, 
the  dorsal  pyramidal  branch,  with  its  mixed  capsular  and  pos- 
sibly reticular  fibres,  again  bifurcates  on  either  side  of  the  pons. 
One  of  these  branches,  curving  closely  round  the  transverse  fibres 
of  the  trapezium,  and  surrounded  by  a  sheath  of  grey  synectic 
tissue,  flattens  out  as  it  approaches  the  cerebrum,  and  forms  a 
horizontal  band  of  longitudinal  fibres,  separating  the  dorsal 
from  the  ventral  elements  of  the  pons.  This  flattened  band  of 
longitudinal  fibres,  which  with  ordinary  care  can  be  readily 
traced  hindwards  in  the  course  I  have  described,  constitutes  the 
fUlet  of  anatomists. 
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The  second  or  posterior  ramulas  of  the  dorsal  pyramidal 
branch  soon  loses  most  of  its  traces  of  separate  identity 
amongst  the  longitudinal  reticular  fibres  of  this  portion  of  the 
pons.  It  is  possible  that  the  posterior  longitudinal  bundle  of 
Flechdig  may  be  a  continuation  of  this  branch  towards  the  crura 
cerebri  T  have  been,  however,  unable  satisfactorily  to  trace 
this  connection  owing  to  the  reason  above  given. 

At  the  apices  of  the  olives  two  well-marked  involutions  of  pia 
mater — one  on  either  side — mark  the  cephalic  termination  of  the 
medulla  oblongata. 

The  general  arrangement  of  the  central  layers  of  the  pontile 
fibres  (fig.  7),  well  shown  in  the  specimen  whence  this  figure  was 
taken,  may  assist  somewhat  in  rendering  clear  this  attempt  to 
explain  the  course  of  the  pyramidal  fibres  in  the  pons  Varolii. 

At  the  point  p  in  the  figure,  but  somewhat  external  to  this 
section,  tlie  fibres  of  the  main  pyramidal  trunk  bifurcate,  some 
passing  ventrally  vp,  others  dorsally  in  the  direction,  but  external 
to  ar,  ar.  At  a  point  on  a  level  with  the  dotted  line  jnn,  the 
dorsal  pyramidal  branch  again  bifurcates. 

The  ventral  branch  of  the  great  pyramidal  trunk  passes 
between  the  transverse  crural  fibres,  which  constitute  the  bulk  of 
the  ventral  portion  of  the  pons.  It  is  much  larger  than  the 
dorsal  segment,  and  passes  somewhat  more  superficially  than  the 
latter.  It  speedily  splits  into  several  smaller  branches,  which 
reunite  towards  the  crusta  of  the  cerebral  peduncles  (figs.  3  and 
6,  vp ;  fig.  7,  i?,  vp). 

The  Trapezium, — ^This  portion  of  the  crura  cerebelli  in  a  longi- 
tudinal section  appears  as  a  series  of  flattened  parallel  bands  of 
synectic  tissue  traversed  anteriorly  at  comparatively  wide  inter- 
vals by  connecting  filaments  of  the  same  tissue.  The  meshes 
surround  the  transverse  peduncular  fibres.  Towards  the  caudal 
extremity  of  the  trapezium  this  stroma  becomes  more  delicate 
and  the  reticulations  smaller  (figs.  3  and  7,  tr). 

The  grey  substance  of  which  the  above  structure  is  formed 
contains  numerous  small  pyriforni  cells  within  it.  Both  it  and 
the  grey  sheath  of  the  lemniscus,  identified  above  as  the  second 
dorsal  pyramidal  branch,  are  together  traceable  to  the  substantia 
nigra  of  the  crura  cerebri.  With  the  exceptions  above  alluded 
to,  the  whole  ventral  section  of  the  pons  appears  to  be  more  or 
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less  completely  shut  off  from  the  rest  of  the  nervous  system  by 
deep  pia  matral  involutions. 

The  gwperfidal  transverse  fbre$  of  the  pons  Varolii  are  divided 
from  the  deeper  layers  of  that  body  in  longitudinal  sections  by 
a  well-marked  broad  band  of  grey  synectic  tissue,  which  at  its 
free  edge  has  numerous  projections  terminating  in  delicate  reti- 
cular filaments  (figs.  3,  vtf,  and  7).  The  transverse  fibres  pass 
between  the  reticulations.  The  grey  substance  also  originates 
in  the  crura  cerebri,  and  owing  to  deep  pia  matral  involutions 
has  no  apparent  connection  with  the  spinal  system. 

The  Longitudinal  Reticular  Fibres  and  Arcuate  Septa, — The 
longitudinal  fibres  on  the  inner  (central)  aspect  of  the  olives  in 
their  passage  upwards  through  the  pons  pass  around  the  caudal  ex- 
tremity of  the  trapezium  and  along  its  dorsal  surface,  where  they 
join  other  reticular  fibres  of  this  region  (fig.  7,  ar,  ar). 

In  conclusion,  it  may  perhaps  be  advisable  to  give  a  short 
description  of  the  method  adopted  by  me  in  preparing  the  micro- 
photographs  for  these  researches.  The  best  results  have  been 
obtained  by  oblique  illumiuation  when  an  argand  oil  burner  and 
a  plano-convex  lens  were  used.  By  these  means  variations  iu 
tissue  formation,  scarcely  observable  otherwise,  either  micro-  or 
macroscopically,  become  clearly  perceptible  in  the  negative. 
Owing  to  the  varying  refractive  indices  of  the  synectic  and  other 
tissues  of  the  central  nerve  substance,  these  differences  are 
strikingly  seen  in  the  subsequent  dry  plate  photograph  if  the 
manipulation  of  the  oblique  light  has  been  judiciously  managed 
Aniline  dyes,  as  a  rule,  by  staining  the  nerve  fibres  more  readily 
than  the  grey  synectic  tissue,  are  most  useful  for  some  speci- 
mens ;  whilst  picrocarmine,  which  differentiates  the  nerve  ganglia 
and  grey  synectic  tissue  by  their  colours,  must  be  employed  in 
other  cases.  In  the  accompanying  Plate  figs.  1  and  5  are  fac- 
similes of  photographs.  Fig.  3  is  drawn  in  outline,  and  partly 
shaded  from  one  taken  by  oblique  light  The  principal  nerve 
fibres  passing  amid  the  dentate  body  of  the  olive  (in  fig.  4), 
have  also  been  drawn  in  facsimile.  Fig.  6  represents  a  speci- 
men stained  by  Judson's  scarlet  aniline  dye.  In  it  the  dorsal 
pyramidal  branch  over  the  trapezium  is  well  shown,  whereas,  in 
a  specimen  stained  by  picrocarmine,  this  structure  is  scarcely 
visible  in  transverse  section. 
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EXPLANATION  OF  PLATE  XIII. 

Fig.  1.  Longitudinal  bilateral  section  of  right  olive  (from  a  photo- 
graph). Human  adult.  61^  oly  Corpus  dentatum  of  olive;  ol\  accessory 
olive,  with  blood-vessels  passing  through  the  loose  sjnectic  tissue 
adjacent  to  it ;  pnij  pia  matral  involution. 

Fig.  2.  Longitudinal  (antero-posterior)  section  through  centre  of 
olive,  showing  the  principal  involutions  (1,  2,  3)  of  dentate  zone  along 
posterior  (dorsal)  border.  Human  adult,  ce,  Cephalic;  ca,  caudal 
extremity ;  ao,  accessory  olive. 

Fig.  3.  Longitudin^  (antero-posterior)  section  of  bifurcation  of 
pyramidal  trunk  (outline  drawn  from  a  photograph).  Human  adult. 
pt,  Right  pyramidal  trunk ;  dp,  dorsal ;  vp,  vp,  ventral  branches ;  so, 
siliqtta  olivae;  pm,  pia  matral  septum;  o/,  olivary  body;  tr,  trapezium; 
vt/,  superficial  transverse  fibres  of  pons. 

Fig.  4.  Semi-diagrammatic  figure  of  the  nerve-fibres  passing  amid 
the  olivary  bodies  (drawn  in  outline  from  a  photograph),  o,  A  portion 
of  dentate  zone  of  olive ;  ao,  accessory  olive ;  hy,  hypoglossal  nerve- 
fibres  ;  rr^  restiform ;  or,  ar^  arcuate  fibres  (leading  to  raph^). 

Fig.  5.  Longitudinal  antero-posterior  section  of  arcuate  septa  and  the 
longitudinal  reticular  fibres  on  the  central  side  of  olivary  body  (from  a 
photograph).    The  dark  interspaces  are  the  arcuate  septa,    v,  A  vessel. 

Fig.  6.  Transverse  section  of  the  pons  Varolii  (right  side)  near  the 
centre  of  middle  cerebellar  crus  (cc).  Human,  dp^  Dorsal  pyramidal 
branch ;  vp^  vp,  ventral  pyramidal  branch ;  tr,  trapezium ;  tf,  super- 
ficial transverse  fibres ;  iv.,  floor  of  fourth  ventricle. 

Fig  7.  Longitudinal  (antero-posterior)  section  of  pons  Varolii  and 
upper  part  of  medulla,  internal  to  the  right  olive.  Man.  ar^  ar^ 
Longitudinal  reticular  fibres;/,  pyramidal  trunk;  vp^  ventral  branches; 
sfy  superficial  transverse  fibres;  tr^  trapezium;  j9W,  pia  mater;  iv.,  iv., 
grey  floor  of  fourth  ventricle. 

Figs.  1,  2,  and  3  are  magnified  about  6x6 

Figs.  4  and  5  are  magnified  about  40  x  40. 
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THE  EXTERNAL  AUDITORY  MEATUS  IN  THE  CHILD. 

By  J.  Symingtont,  M.B.,  F.R.C.S.E.,  Lecturer  on  Jnatomy, 
Edinburgh.    (Plate  XIV.) 

In  this  paper  I  propose  to  give  the  results  obtained  from  a  study 
of  a  series  of  frozen  sections  of  the  external  auditory  meatus  in 
the  child,  and  to  compare  them  with  the  various  views  held  with 
regard  to  its  anatomy. 

An  examination  of  the  literature  on  this  subject  will  show 
that  this  method  of  investigation  has  been  almost  entirely 
neglected.  The  only  illustrations  of  frozen  sections  that  I  have 
succeeded  in  finding  are  a  few  somewhat  diagrammatic  repre- 
sentations of  sections  of  the  meatus  in  the  new-born  infant. 

For  facility  of  comparison  most  of  my  sections  were  made  in 
the  same  direction,  viz.,  transverse  vertical,  or  coronal.  The 
meatus  was  generally  divided  nearer  the  anterior  wall  than  the 
posterior,  and  in  all  of  them  the  posterior  part  of  the  section  was 
traced,  so  that  the  specimens  in  the  plate  are  represented  as  seen 
from  the  front.  I  have  also  made  a  few  sagittal  and  horizontal 
sections.  All  the  drawings  of  sections  are  life  size,  and  made  from 
tracings  taken  while  the  parts  were  frozen.  To  check  and  supple- 
ment the  results  obtained  from  the  frozen  sections,  a  number  of 
ears  were  dissected  in  the  ordinary  way,  and  the  skulls  of 
several  children  were  macerated. 

Length  of  the  Meatus. — In  estimating  the  length  of  the  meatus  no 
difficulty  is  experienced  in  defining  its  inner  extremity,  for  this  is 
clearly  marked  by  the  membrana  tympani ;  but  as  this  membrane 
passes  from  above  downwards  and  inwards,  and  from  behind 
forwards  and  inwards,  none  of  the  walls  extend  to  within 
the  same  distance  from  the  mesial  plane  of  the  body.  With 
regard  to  its  external  boundary,  this  is  not  so  well  defined ;  and, 
according  to  Gruber,^  the  very  various  estimates  of  the  length  of 
the  meatus  are  mainly  to  be  attributed  to  a  want  of  agreement 
as  to  its  limits  externally.  Some  anatomists,  Meckel  for 
example,  have  even  included  the  tragus  in  their  measurements 

^  Lehrhwh  der  Ohrenheilknnde  mit  hesonderer  MUckneht  auf  Anatomie  und 
Physiologie,  Wien,  1870. 


THE   EXTERNAL  AUDITORY  MEATUS   IN  THE  CHILD. 


281 


of  the  walla  of  the  meatus.  The  odIj  part  of  the  outer  end  of 
the  meatus  which  can  naturally  be  distinguished  from  the 
concha  of  the  pinna  is  its  posterior  wall,  for  this  turns  abruptly 
backwards,  while  the  other  walls  pass  outwards  into  the  pinna 
without  any  distinct  line  of  demarcation.  The  majority  of 
authorities  now  agree  with  von  Troltsch  in  taking  as  the 
external  boundary  of  the  meatus  a  sagittal  plane  passing  through 
the  outer  end  of  its  posterior  wall.  The  most  careful  and  exact 
measurements  of  the  length  of  the  meatus  are  those  of  von 
Troltsch.  He  gives  24  mm.  as  its  average  length  in  the  adult, 
its  anterior  wall  being  27  mm.,  lower  26,  posterior  22,  and 
upper  21.  I  have  not  been  able  to  find  any  precise  statements 
as  to  its  length  in  the  child ;  and,  indeed,  in  almost  all  works  on 
the  anatomy  of  the  ear  there  are  no  allusions  to  this  point 
The  subject  is,  however,  referred  to  in  Quain's  Anatomy,  9th 
edition,  vol.  xi.  page  434,  as  follows : — "  The  auditory  passage  is 
very  short  and  rudimentary  in  the  infant,  for  the  osseous  part 
begins  to  grow  out  of  the  temporal  bone  only  after  birth,  and 
thus  the  internal  and  middle  ears  are  much  nearer  to  the  surface 
than  in  the  adult" 

As  the  walls  of  the  meatus  in  the  infant  are  soft  and  yield- 
ing, it  is  obvious  that  care  must  be  exercised  in  measuring  its 
length  not  to  stretch  or  compress  it  in  any  way.  The  length  of 
other  passages — for  instance,  the  vagina — has  been  greatly 
^x^^enited  by  not  attending  to  this  rule.  To  avoid  such 
sources  of  fallacy  I  have  estimated  its  length  from  frozen  sec- 
tions, and  below  will  be  found  a  table  of  a  series  of  measurements 
of  the  roof  and  floor  of  the  meatus  obtained  by  this  method. 


No 

Age. 

Length  of 
Floor. 

1 
Length  of 
Roof. 

1 

Fcetus,  7  months  old, 

16  mm. 

10  mm. 

2 

»>     ^             »i     • 

20    „ 

15    „ 

3 

»»     °             »»     • 

20    ., 

16    » 

4 

»»     •'             >>     ' 

1»         M 

16    „ 

5 

Child    2 

17    „ 

18    „ 

6 

»»       ^                 u 

1»        M 

U    .. 

7 

„    12 

20     „ 

15     „ 

8 

„     2  yean  old 

22    „ 

16    „ 

9 

»»     5          ,, 

23     „ 

16     „ 

10 

M           ^                    M 

24     „ 

17     „ 
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If  we  compare  the  above  with  the  length  in  the  adalt,  as 
given  by  von  Troltsch,  it  will  be  evident  that  the  meatus 
instead  of  being  shorter  is  relatively  longer  than  in  the  adult. 
Thus,  in  the  new-born  child  the  floor  is  20  mm.,  in  the  adult  it 
is  26  mm.  or  little  more  than  one-fourth  longer.  As  one  would 
naturally  expect  from  this  the  meatus  increases  very  slowly  in 
length  after  birth ;  indeed,  from  my  cases,  it  would  appear  at 
first  to  diminish.  My  specimens  are  too  few  to  warrant  any 
definite  conclusions ;  but  I  am  disposed  to  think  that  the  open- 
ing up  of  the  meatus,  which  occurfi  after  birth,  is  accompanied 
by  some  slight  diminution  in  its  length.  Henle  states  that  the 
estimates  of  the  length  of  the  meatus  vary  from  22  mm.  to 
42  mm.  These  discrepancies  have  arisen  from  a  want  of  agree- 
ment as  to  its  external  boundary  (Gruber),  and  also  probably 
from  the  method  of  examination.  My  results  show  only  very 
slight  individual  variations. 

The  practical  importance  of  an  accurate  knowledge  of  the 
length  of  the  meatus  needs  scarcely  to  be  insisted  upon ;  but 
these  measurements  are  also  of  interest  in  connection  with  the 
relative  size  in  the  child  and  adult  of  other  parts  of  the  ear.  It 
is  well  known  that  the  middle  and  internal  ears  are  nearly  as 
large  at  birth  as  in  the  adult,  and  the  same  would  appear  to  be 
the  case  with  the  external  ear,  so  far  as  the  length  of  the  meatus 
is  concerned. 

Lumen  of  the  Meatus, — In  the  foetus  the  meatus  is  closed,  its 
lower  wall  being  in  contact  internally  with  the  membrana 
tympani,  and  external  to  it  with  the  superior  wall.  Towards 
the  end  of  foetal  life  these  become  separated  by  an  accumulation 
of  epithelium  or  vernix  caseosa  in  the  meatus.  This  is  first  found 
at  the  inner  end  of  the  meatus,  between  the  floor  and  the 
membrana  tympani.  The  coronal  section  of  the  meatus  of  a 
nine  months'  foetus,  seen  in  Plate  XIV.  fig.  1,  shows  only  slight 
separation  of  the  walls,  but  in  another  subject  at  the  same  age 
the  meatus  was  rather  more  opened  up.  In  both  cases  respira- 
tion had  not  occurred. 

At  birth  the  walls  of  the  meatus  are  either  in  contact  or  the 
cavity  is  filled  with  vernix  caseosa,  so  that  a  child  is  born  with 
its  ears  practically  closed. 
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According  to  Eussmaul,^  the  most  discordant  sounds  made 
near  a  new-bom  child,  when  awake,  do  not  apparently  disturb 
it  I  am  not  .aware  of  any  observations  as  to  how  soon  after 
birth,  or  by  what  agencies,  the  meatus  becomes  a  distinct  air 
passage.  In  an  infant  six  days  old  I  found  the  walls  of  the 
meatus  more  separated  than  is  normally  the  case  with  a  new- 
born child)  but  its  cavity  was  nearly  full  of  detached  epithelium, 
&c  In  a  child,  aged  two  months  (see  Plate  XIV.  fig.  2),  the 
meatus  was  patent  and  contained  air.  The  lumen  of  the  meatus 
would  appear  to  gradually  increase  in  size  after  birth,  but 
so  slowly  that  it  is  relatively  narrow  in  the  infant  as  compared 
with  its  length. 

By  the  growth  of  the  tympanic  bone  the  osseous  meatus  is 
usually  formed  between  the  ages  of  twelve  and  fifteen  months. 
From  an  examination  of  several  specimens  about  this  age,  kindly 
lent  me  by  Professor  Turner,  and  from  others  in  my  own  pos- 
session, I  found  that  the  osseous  meatus  measured  from  above 
downwards  and  backwards  on  an  average  6  to  7  mm.  In  the 
adult  it  is  generally  from  8  to  9  mm. 

Walls  of  the  Meatvs, — Most  of  the  standard  works  on  anatomy 
give  a  very  imperfect  description  of  the  structure  of  the  walls  of 
the  meatus  in  the  child.  They  state  that  in  the  adult  the 
meatus  consists  of  an  osseous  and  a  cartilaginous  portion,  while 
in  the  new-born  infant  there  is  no  osseous  meatus;  and  the 
reader  is  too  often  led  to  infer  that  at  that  period  the  meatus 
is  entirely  cartilaginous.  Indeed,  Tillaux  in  his  Traiti  (TAna- 
tomie  Topographique,  3rd  edition,  1882,  page  99,  says: — "Chex 
Tenfant  nouveau-n^  le  conduit  auditif  est  done  exclusivement 
fibro-cartilagineux."  It  was  shown,  however,  more  than  thirty 
years  ago  by  von  Troltsch  that  this  idea  is  erroneous,  for,  in  the 
new-born  child  as  in  the  adult,  the  outer  part  only  is  cartila- 
ginous, and  in  the  new-born  infaut  the  future  osseous  portion  is 
represented  by  fibrous  tissue  into  which  ossification  extends  to 
form  the  greater  part  of  the  walls  of  the  osseous  meatus.  This 
membrane,  which  might  be  called  the  fibrous  or  membranous 
tympauic  plate,  is  shown  in  section  in  the  floor  of  the  meatus  in 
Plate  XIV.  figs.  1,  2,  3,  and  4.     At  birth  it  is  thin ;  but  it  be- 

^  Unlersuchungen  iiber  das  Seelenlehen  der  ncugcboi-Tun  Menscken^  Leipsig,  1859. 
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comes  thicker  and  firmer  in  a  few  months.  Fig.  6,  a  sagittal 
section  of  the  meatus  in  a  child  four  months'  old,  made  9  mm., 
external  to  the  inner  end  of  the  floor  of  the  meatus,  exhibits  its 
relation  to  the  anterior  and  inferior  walls  of  the  meatus.  Julius 
Boke  ^  maintains  that  this  structure,  described  as  membrane  by 
Troltsch,  really  consists  of  cartilage  composed  of  fibres  with 
scattered  cells.  In  the  account  of  the  minute  anatomy  of  the 
external  ear  by  J..Kes8el  in  Strieker's  Histology,  there  is  no  re- 
ference to  it  I  have  satisfied  myself  by  microscopic  examina- 
tion that  it  is  compact  fibrous  tissue  and  not  cartilage. 

It  is  generally  taught  that  at  birth  there  is  no  osseous  meatus. 
This  scarcely  conveys  a  correct  idea  of  the  condition  of  walls  of 
the  meatus  at  this  period,  for  there  is  then  an  osseous  roof  and 
posterior  wall.  The  roof  is  shown  in  the  coronal  section  of  the 
meatus  of  the  new-born  child  in  Plate  XIV.  fig.  l,^and  its 
gradual  increase  is  seen  in  figs.  2  to  5.  The  sagittal  section  in 
fig.  6,  from  a  child  aged  4  months,  was  made  just  internal  to  the 
cartilaginous  portion.  It  shows  the  bony  posterior  and  superior 
walls,  and  tlie  anterior  and  inferior  fibrous  walls. 

The  formation  of  the  tympanic  portion  of  the  osseous  meatus 
has  been  investigated  by  Humphry,  von  Troltsch,  Biirkner,  and 
Zuckerkandl.  The  latter  is  quoted  by  Politzer^as  describing 
the  formation  of  the  tympanic  bone  as  commencing  by  the  rapid 
growth  of  the  anterior  and  posterior  tubercles  found  on  the  tym- 
panic ring  of  the  new-born  child.  The  lower  part  of  the  tym- 
panic ring  grows  out  more  slowly,  and  the  two  tubercles  uniting 
a  foramen  is  left  in  the  tympanic  bone  which  sometimes  remains 
throughout  life.  An  essentially  similar  description  was  given 
by  Humphry  in  his  Treatise  on  the  Human  Skeleton  published 
in  1858,  and  in  plate  xvi.  of  the  same  work  there  are  several 
drawings  illustrating  this  process.  After  the  union  of  the  two 
processes  of  the  tympanic  bone,  a  distinct  osseous  external  audi- 
tory meatus  exists.  Von  Troltsch  gives  a  drawing  of  a  tem- 
poral bone  of  a  child  about  three  years  old,  in  which  a  gap  open 
to  the  outer  side  is  shown  in  the  tympanic  bone.  The  rate  of 
ossification  of  the  tympanic  bones  varies  somewhat,  but  as  a  rule 
the  tubercles  of  the  tympanic  ring  unite  at  or  soon  after  the  end 
of  the  first  year. 

*  Virchows  Archiv.f  Bd.  xxix.,  1864.     ^  Lehrhuch  der  Ohrenheillcundey  1878. 
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EXPLANATION  OF  PLATE  XIV. 

Tig.  L  Coronal  section  of  left  ear  of  a  nine  months'  fcetua 

Fig.  2.  Coronal  section  of  right  ear  of  a  child  two  months  old. 

Fig.  3.  Coronal  section  of  left  ear  of  a  child  six  months  old. 

Fig.  4.  Coronal  section  of  right  ear  of  a  child  twelve  months  old. 

Fig.  5.  Coronal  section  of  right  ear  of  a  child  five  years  old. 

In  figs.  1  to  5 :  a,  tympanic  hone ;  b^  fibrous  tympanic  plate ;  r, 
fibro-cartilage. 

Pig.  6.  Sagittal  section  of  left  ear  of  a  child  four  months  old ;  /, 
tympanic  cavity ;  m,  external  auditory  meatus ;  b,  fibrous  tympanic 
plate ;  t,  inferior  maxilla. 


ON  THE  EELATIONS  OF  THE  LARYNX  AND  TRACHEA 
TO  THE  VERTEBRAL  COLUMN  IN  THE  FOETUS 
AND  CHILD.    By  J.  Symington,  M.B.,  F.R.C.S.E.,  Lecturer 

on  Anatomy,  Edinburgh, 

Although  various  attempts  have  been  made  to  settle  the  vexed 
question  of  the  relative  size  of  the  larynx  at  different  periods  of 
life,  they  have  been  practically  confined  to  measurements  of  the 
larynx  after  its  removal  from  the  body;  and  while  it  is  well 
known  that  the  larynx  occupies  a  relatively  high  position  in  the 
neck  of  the  infaut  as  compared  with  the  adult,  no  attempt  has 
hitherto  been  made  by  an  examination  of  the  organ  in  situ  to 
determine  its  precise  relations,  at  different  ages,  to  the  vertebral 
column. 

In  the  adult,  with  the  head  erect,  the  boundary  between  the 
larynx  and  trachea  corresponds  to  the  lower  border  of  the  sixth 
cervical  vertebra.  The  tip  of  the  epiglottis  reaches  up  to  the 
lower  border  of  the  third  cervical,  or  probably  a  little  higher  in 
the  male,  and  the  trachea  extends  down  to  the  fourth  dorsal. 
These  are  the  relations  according  to  the  drawings  given  by 
Braune,*  Rudinger,^  and  Luschka.' 

In  the  new-born  child  both  the  larynx  and  trachea  terminate 
at  higher  points  in  relation  to  the  vertebral  column  than  in  the 
adult ;  but  I  have  not  succeeded  in  finding  any  definite  state- 
meuts  as  to  their  precise  position.  As  a  rule,  the  larynx  ends 
opposite  the  middle  of  the  fourth  cervical  and  the  trachea 
bifurcates  at  the  level  of  the  lower  border  of  the  second  dorsal. 
In  a  drawing  of  a  frozen  section  of  a  new-bom  child,  Rlidinger^ 
shows  the  larynx  extending  down  to  the  upper  border  of  the 
fourth  cervical  He  does  not  clearly  indicate  the  bifurcation  of 
the  trachea,  but  I  have  found  it  as  stated  above.  Ribemont,^  in 
a  rather  rough  drawing,  indicates  the  lower  border  of  the  cricoid 
as  being  opposite  the  middle  of  the  fourth  cervical. 

*  Topographiach-anatatnischer  Atlas,  plates  i.  and  ii. 

'  Topographiseh-chirurgische    Anatomie    des    Menschen,    Zweite    Abtheilung, 
plate  vii. 
'  Der  Kehlkop/t  plate  iv.  *  Op.  cit. ,  plate  ii. 

^  Rechr.rches  sur  VanaUmiie  topographique  dufcdus,  plate  vii. 
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It  is  evident  from  these  facts  that  the  lower  limits  of  the 
larynx  and  trachea  must  undergo  a  considerable  descent  in 
relation  to  tlie  vertebral  colamn  between  infancy  and  adult  life, 
and  the  question  arises  as  to  when  and  how  this  occurs. 

In  a  former  paper,^  I  showed  that  in  a  child  aged  two  years, 
with  the  head  fully  extended  as  in  the  operation  for  tracheotomy, 
the  lower  border  of  the  cricoid  extended  to  the  lower  border  of 
the  fourth  cervical,  and  the  trachea  terminated  at  the  lower 
border  of  the  first  dorsal.  Since  then,  I  have,  as  opportunities 
occurred,  continued  the  investigation  of  this  subject,  and  in  the 
following  table  will  be  fouml  some  of  the  results  I  have  obtained. 
All  the  cases  given  in  the  table  are  from  specimens  in  my 
possession,  and  in  all  of  them  the  entire  trunk  was  frozen. 

TaUe  showing  the  positicm  of  the  Larynx  and  Tra/^hea  in  relation 

to  the  Vertebral  Column. 


Age. 

Sex. 

Upper  end  of 
Epiglottis. 

Lower  border  of 
Criculd. 

Bifurcation  of 
Trachea. 

Position  of  Head. 

FtEtiu      .about 

■  •  ■ 

Upper  border  of 

t«« 

Erect. 

4  moaths. 

fourth  cervical. 

u   8      „ 

If.  {  Below  atlas. 

1 

Middle  of  fourth 
cervical. 

Second  donal. 

SUghtly  fiexed. 

..    T      „ 

F. 

Upper    border   of 
atlas. 

Upper  border  of 
fourth  cervical. 

Second  dorsaL 

Erect. 

7 

F. 

Lower    bonier    of 

Middle  of  fourth 

Middle    of    third 

Erect. 

atlas. 

cervical. 

dorsal. 

n     9         ..5 

M. 

Between  body  and 

Middle    of     fifth 

Middle    of    third 

Flexed. 

odontoid   process 

cervical. 

dorssl. 

of  axis. 

Child        aged 

M. 

Lower    boi-der    of 

Lower  border  of 

Middle    of    third 

Erect. 

^  months. 

atlas. 

fooitb  cerrieal. 

dorsal. 

'♦      *           M 

M. 

Lower    border    of 

Upper  border  of 

Middle    of    third 

Slightly  flexed. 

titias. 

fifth  cervical. 

dorsal. 

•  «      '           •• 

F. 

Little  below  atlas. 

Upper  border  of 

Lower  border  of 

Erect. 

'                      11 

fifth  eei-vlcal. 

third  dorsal. 

11    s      ., 

M. 

Lower    border    of 

Middle  of  disc  be- 

Middle  of  second 

Fully  extended. 

atla<i. 

teen  thira  and 
fourth  cei-vlcal. 

dorsal. 

'h  1»        » 

F. 

Little  below  atlas. 

Upper  border  of 

Lower  border  of 

Erect. 

"  ■                             »¥ 

• 

fifth  cervicaL 

third  cervical. 

n   1  year  and 

F. 

•  • 

Upper  border   of 

Lower  border  of 

Acutely  flexed. 

10  months. 

sixth  cervical. 

fourth  cervical. 

.1   2  years  and 

F. 

Little  below  atlas. 

Upper   border   of 

Upper   border  of 

Extended. 

2  months. 

fifth  cei*vlcaL 

fourth  donal. 

n    5  yean. 

M.     Lower    border    of 

Upper  border   of 
uxth  cervical. 

Lower  border  of 

Erect. 

aziA. 

fourth  dorsal. 

B  years. 

M.  i  Lower    border    of 

Lower  border  of  i  Middle  of  fourth 

Erect. 

f 

axis. 

fifth  cervical. 

dorsal. 

M  13  years. 

F. 

Middle     of     third 

Upper  border  of 

Lower  border  of 

Flexed. 

cervical. 

seventh  vertical. 

fourth  dorsaL 

It  will  be  noticed  that  in  this  table  the  position  of  the  head 
has  been  mentioned  in  each  case.    This  is  necessary,  for  the 

•  "On  the  Anatomical   Relations  of  the  Trachea  in  the  Child,"  Edinburgh 
ifedieal  Jourtml,  April  1881. 
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larynx  moves  up  and  down  id  front  of  the  vertebral  colnmn 
during  extension  and  flexion  of  the  head.  In  order  to  determine 
the  changes  in  its  situation  resulting  from  alterations  in  the 
position  of  the  head,  I  froze  two  children  of  almost  exactly  the 
same  height,  one  a  little  under,  and  the  other  a  little  over,  two 
years.  In  the  one  case  I  depressed  the  head  so  that  the  chin 
came  in  contact  with  the  front  Of  the  neck,  in  the  other  the  head 
was  thrown  well  back.  In  the  former  an  examination  of  the 
section  showed  that  the  relative  position  of  certain  structures 
had  been  considerably  altered.  The  anterior  surfaces  of  the 
bodies  of  the  lower  two  cervical  and  upper  two  dorsal  vertobne 
formed  a  slight  convexity,  but  above  this  there  was  a  concavity, 
and  here  the  intervertebral  discs  were  much  compressed.  The 
soft  palate  had  been  pushed  up  against  the  roof  of  the  pharynx, 
and  the  tip  of  the  epiglottis  was  just  behind  the  soft  palate. 
The  thyroid  cartilage  was  behind  the  hyoid  bone,  their  lower 
borders  were  at  about  the  same  level ;  but  the  upper  border  of 
the  thyroid  was  3  mm.  above  the  hyoid.  Contrary  to  what  one 
might  have  expected,  the  distance  in  front,  between  the  cricoid 
and  thyroid,  was  a  little  longer  than  normal.  Part  of  the  trachea 
was  compressed,  and  its  lumen  almost  obliterated  by  the  pressure 
of  the  chin.  The  lower  border  of  the  cricoid  was  at  the  level  of 
the  upper  border  of  the  sixth  cervical.  In  the  specimen  with 
the  head  extended,  the  cervical  curve  of  the  spine  was  well 
marked.  The  hyoid  was  more  above  and  in  front  of  the  thyroid 
than  is  usually  the  case,  and  the  cricoid  was  a  vertebra  higher 
than  in  the  body  with  the  head  acutely  flexed. 

A  comparison  of  the  two  specimens  demonstrated  that  the 
flexion  of  the  head  was  chiefly  marked  by  the  descent  of  the 
hyoid  bone  in  front  of  the  thyroid  cartilage,  and  that,  compared 
with  the  extensive  movement  of  the  head,  the  downward  dis- 
placement of  the  larynx  in  relation  to  the  vertebral  column  was 
comparatively  slight,  amounting  only  to  about  one  vertebra  aad 
intervertebral  disc. 

In  the  specimen  in  which  the  head  was  flexed,  the  trachea 
bifurcated  opposite  the  lower  border  of  the  fourth  dorsal,  in  the 
other  one  opposite  the  upper  border  of  the  third  dorsal.  In  both 
cases,  therefore,  it  was  situated  in  front  of  the  same  number  of 
vertebree,  viz.,  six ;  but  in  the  former  case  the  trachea  was  4*5 
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cm.  in  length,  and  the  intervertebral  discs  in  the  corresponding 
part  of  the  vertebral  column  were  compressed;  in  the  latter  the 
length  of  the  trachea  was  5*7  cm.,  and  the  anterior  part  of  the 
intervertebral  discs  was  stretched.  These  sections  confirm  the 
statement  of  Braune,  that  in  the  movement  of  the  head  from 
the  flexed  to  the  extended  position  the  trachea  is  considerably 
increased  in  length,  and  they  would  also  seem  to  show  that  its 
point  of  termination  is  raised. 

The  lower  border  of  the  cricoid  cartilage  forms  a  well-defined 
landmark,  by  means  of  which  we  can  easily  determine  the  rela- 
tion  of  the  lower  border  of  the  larynx  to  the  vertebral  column. 
An  examination  of  the  table  shows  a  tolerably  regular  and 
gradual  descent  of  the  cricoid  in  relation  to  the  vertebral 
column.  Thus,  with  the  head  erect,  it  was  opposite  the  upper 
border  of  the  fourth  cervical  in  a  young  foetus ;  by  the  end  of  the 
first  year  it  was  down  to  the  fifth,  and  by  the  fifth  year  it 
reached  to  the  level  of  the  upper  border  of  the  sixth  cervical. 
Had  the  lead  been  erect  in  the  girl  aged  13, 1  think  it  would 
have  corresponded  to  about  the  middle  of  the  sixth  cervical. 
These  results  show  that  the  altered  position  of  the  lower  border 
of  the  larynx,  in  relation  to  the  vertebral  column,  has  no  connec- 
tion with  the  special  increase  in  the  size  of  the  larynx,  which 
occurs  in  the  male  at  puberty. 

The  question  now  arises,  Is  this  downward  movement  of  the 
lower  border  of  the  larynx  the  result  of  the  larynx  growing  more 
rapidly  than  the  cervical  part  of  the  vertebral  column,  or  is  it 
due  to  a  displacement  downwards  of  the  whole  larynx?  In 
order  to  answer  this  question,  it  is  necessary  to  ascertain  the 
position  of  the  upper  end  of  the  larynx  at  different  periods  of 
life.  For  this  purpose,  I  have  endeavoured  to  determine  the 
level  of  the  tip  of  the  epiglottis,  although  it  must  be  confessed 
that  this  cannot  be  settled  as  satisfactorily  as  might  be  wished. 
It  is,  however,  evident,  from  a  study  of  the  results  given jn  the 
table,  that  it,  like  the  cricoid,  undergoes  a  considerable  and 
tolerably  gradual  descent  in  relation  to  the  vertebral  column 
from  foetal  to  adult  life.  Sudinger  ^  represents  the  tip  of  the 
epiglottis  at  the  level  of  the  middle  of  the  anterior  arch  of  the 
atlas  in  a  new-born  child,  and  this  appears  to  be  about  its  usual 
position  at  that  age.     In  an  adult  female  he  ^  shows  it  opposite 

^  Op.  cU.y  plate  ii.  '  Ibid.,  plate  vii. 
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the  disc  botwecD  the  third  and  fourth  cervical,  and  it  occapies 
practically  the  same  level  in  two  Bections  of  females  given  by 
Brauna  la  the  section  of  an  adult  male  by  Braune,  it  is  a  little 
above  the  middle  of  the  third  cervical 

We  may  fairly  take  the  usual  position  of  the  larynx  in  relation 
to  the  vertebral  column  to  be,  in  the  new-born  child,  from  the 
lower  border  of  the  atlas  to  the  middle  of  the  fourth  cervical 
vertebra,  in  the  adult,  from  the  middle  of  the  third  cervical  to 
the  lower  border  of  the  sixth  cervical. 

In  Braune's  atlas,^  plate  i.,  a  life-size  drawing  of  a  mesial 
section  of  a  man  aged  21,  the  vertical  extent  of  the  larynx,  from 
the  tip  of  the  epiglottis  to  the  lower  border  of  the  cricoid,  amounts 
to  7'2  cm. ;  in  the  same  subject,  the  distance  from  the  lower 
border  of  the  anterior  arch  of  the  artos  to  the  middle  of  the  fourth 
cervical  is  6*8  cm.  In  plate  ii.,  a  similar  section  in  a  female 
subject,  the  length  of  the  larynx  was  5'5  cm.,  and  the  distance 
between  the  above-mentioned  points  on  the  spine  is  5*2  cm. 
The  drawing  in  plate  vii.  of  fiiidinger's  work^  represents  a 
mesial  section  of  an  adult  femala  The  drawing  is  not  life-size, 
but  has  been  reduced  by  photography.  In  it  we  find  the  vertical 
extent  of  the  larynx  equal  to  the  distance  from  the  atlas  to  the 
middle  of  the  fourth  cervical.  We  have  obtained  practically 
similar  results  by  measurements  in  children  aged  6  months,  12 
months,  5  years,  and  6  years. 

From  these  measurements  it  is  apparent  that  if  the  adult 
larynx  were  placed  in  front  of  the  vertebral  column,  so  that  the 
tip  of  the  epiglottis  was  on  a  level  with  the  lower  border  of  the 
atlas,  the  cricoid  cartilage  would  not  extend  beyond  the  lower 
border  of  the  fourth  cervical 

The  larynx,  therefore,  does  not  increase  in  vertical  extent 
faster  than  the  cet  vical  part  of  the  spinal  column,  and,  conse- 
quently, the  high  position  of  the  larynx  in  the  neck  of  the  child, 
as  compared  with  the  adult,  cannot  be  due,  as  often  stated,  to  its 
relatively  small  size. 

It  attains  its  low  position  in  the  adult  by  a  downward  move- 
ment of  the  whole  larynx ;  and  I  am  inclined  to  the  belief  that 
this  is  almost,  if  not  entirely,  caused  by  the  growth  of  the  facial 
portion  of  the  skull.     The  relatively  small  size  of  the  face  as 

*  Op.  cU.  *  Op,  cU. 
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compared  with  the  cranium  in  the  child  has  been  investigated 
by  Froriep.^  He  estimates  the  relative  size  of  the  face  to  the 
cranium  as  1  to  8  in  the  new-born  child,  1  to  6  at  two  years, 
1  to  4  at  five  years,  1  to  3  at  ten  years,  1  to  2|  in  the  adult 
female,  and  1  to  2  in  the  adult  mala  The  relative  increase  in 
the  vertical  extent  of  the  face  is  considerable,  and  appears  tu  go 
on  gradually  until  adult  life.  In  these  respects  it  agrees  vvith 
the  descent  of  the  larynx. 

'  Die  CharcLkteristik  des  Kopfes  nouh  dem  Entwickelungageaetze  cUsaelbenf  Berlin, 
1845. 


NOTE  ON  A  RARE  ABNORMALITY  OF  THE  PAN- 
CREAS.  By  J.  Symington,  M.B.,  F.RC.S.R>  Lecturer  m 
Anatomy,  Edivhurgh, 

I  RECENTLY  obtained  a  fresh  human  pancreas  and  duodenum, 
removed  in  a  post-mortem  examination  from  an  adult  male  sub- 
ject. On  distending  the  duodenum  with  air,  in  order  to  facQitate 
the  dissection  of  the  head  of  the  pancreas,  it  was  noticed  that 
the  upper  part  of  the  descending  portion  did  not  become  dilated 
like  the  rest  of  the  intestine,  and  on  examination  this  was  found 
to  be  due  to  its  being  completely  surrounded  in  that  situation 
by  pancreatic  tissue.  Two  processes  of  the  pancreas  passed  from 
the  upper  part  of  the  head  of  the  gland  towards  the  right  side, 
one  in  front  and  the  other  behind  the  duodenum.  They  blended 
on  its  outer  side  so  as  to  form  with  the  head  of  the  gland  a  ring 
of  pancreas  encircling  the  duodenum.  The  processes  became 
somewhat  narrower  as  they  passed  outwards,  and  the  portion  of 
gland  on  the  right  side  of  the  duodenum  was  about  half  an  inch 
in  vertical  extent.  On  dissecting  out  the  ducts  of  the  pancreas 
nothing  unusual  was  observed  in  their  arrangement.  The 
common  bile  duct  opened  into  the  duodenum  below  the  seat  of 
constriction.  The  circumference  of  the  distended  duodenum, 
where  it  was  surrounded  by  the  pancreas,  was  two  and  a  half 
inches,  while  above  and  below  that  it  was  more  than  three  times 
as  large. 

Irregularities  in  the  arrangement  of  the  pancreatic  ducts  are 
comparatively  common,  but  this  does  not  appear  to  be  the  case 
with  the  glandular  substance.  There  is  no  reference  to  an 
arrangement  of  the  pancreas  as  above  described  in  J.  R  Meckel's 
Handbtich  der  Patholoffischen  Anatomie,  or  in  Forster's  Misdnl- 
duTigen  des  Menschen.  The  only  case  I  can  find  recorded  is  one 
described  and  figured  by  A.  Ecker  in  HeTde  and  P/eufer's 
ZeUschrift,  xiii.  Band.,  1862. 

I  have  presented  the  specimen  to  the  Anatomical  Museum  of 
the  University  of  Edinburgh. 


ON  THE  EXISTENCE  OF  A  FOURTH  SPECIES  OF  THE 
GENUS  BALjENOPTERA.  By  Dr  G.  A.  Goldberg, 
Zootomical  Afuaeum,  Christiania, 

Among  the  representatives  of  the  genus  Bcdcenoptera  found  in 
the  North  Atlantic,  the  following  three  species  have  long  been 
well  known,  viz. : — Balcmoptera  rostrata  (0.  Fabr),  B.  musculus 
(Companyo),  and  B,  sibbcUdii  (J.  E.  Gray). 

The  first  named  of  these,  the  smallest  of  them  all,  being  only 
25  to  30  feet  long,  regularly  visits  the  coasts  of  Greenland  dur- 
ing the  summer,  and  is  found  all  the  year  round  on  the  shores 
of  Norway.    Most  European  museums  contain  a  skeleton  of  this 
animal,  and  they  have  often  been  stranded  along  the  west  coasts 
of  Europe,  from  the  North  Cape  to  the  Bay  of  Biscay.     The 
second  species,  B.  mtisculus  (Companyo)  {Pterohalcena  communis, 
Van  Beneden  and  Eschricht),  is  the  species  best  known  to  the 
ancients.     This  animal  is  found  over  almost  the  whole  of  the 
Atlantic  Ocean  north  of  the  Equator,  in  the  Mediterranean,  and 
in  the  Polar  Ocean  between  Greenland,  Spitzbergen,  and  Novoya 
Zembla.     For  the  last  ten  years  this  animal  has  been  regularly 
hunted  on  the  coasts  of  Finmarken  (Ncway),  to  the  west  and  the 
east  of  the  North  Cape.    The  animal  visits  these  coasts  regularly 
in  parsuit  of  a  small  fish  (OsvieriLs  articus)  '*  Lodde,"  which  is 
found  there  in  the  spring  in  enormous  quantities.    The  length 
of  the  adult  animal  varies  between  60  and  70  feet. 

The  third  species,  B.  sibbcUdii  (Gray),  is  the  largest  animal 
of  the  modern  fauna,  its  length  reaching  85  feet.  This  species* 
is  sometimes  stranded  on  the  northern  coasts,  and  is  plenti- 
ful on  the  Icelandic  coast,  and  towards  the  south  of  Green- 
land. Since  1870  the  animal  also  supplies  the  fisheries  of  East 
Finmarken.  In  1878  eighty-eight  specimens  of  this  class  were 
captured  near  Vadso,  a  small  town  in  the  Bay  of  Yaranger,  and 
between  1881  to  1883  more  than  five  hundred  animals  were 
taken  in  the  same  regions. 

A  fourth  kind,  B.  borealis  (Lesson),  intermediate  between 
B,  rostrata  and  B.  musculus,  is  admitted  by  some  authorities,  but 
certain  naturalists  have  regarded  it  as  a  problematical  species. 
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This  doubt  was  justified  owing  to  so  few  specimens  having  been 
captured. 

Messrs  P.  van  Beneden  and  P.  Gervais,  in  their  important  work 
entitled  OsUographie  de$  Cita^iis  vivants  et  fossileSy  mention  the 
following  individuals : — 

"The  first  specimen,  which  has  been  examined,  is  an  animal 
52  feet  long.  It  came  in  1811  from  the  coast  of  the  Zuyder 
Zee,  near  Moniken  Dam.  The  skeleton  was  acquired  by  the 
Eoyal  Museum  at  Leyden. 

"  The  second  is  a  female,  nearly  the  same  size  as  the  preced- 
ing, and  was  stranded  on  the  coast  of  Holstein  in  1819.  The 
skeleton  was  acquired  by  the  Berlin  Museum.  It  is  this  skeleton 
which  Eudolphi  has  described  and  drawn  in  his  Memoires  de 
VAcademie  de  Berlin,  under  the  specific  name  of  rostrcUa.  Cuvier 
has  reproduced  its  cranium  under  the  name  of  '  Rorqual  of  the 
North.' 

"  In  July  1863  a  third  specimen  of  this  kind  was  found  on 
the  coast  of  Norway,  and  its  skeleton  is  preserved  in  the  Museum 
at  Bergen. 

"  The  Eoyal  Museum  at  Brussels  also  contains  a  skeleton  sent 
from  the  North  Cape  to  Professor  Eschricht." 

According  to  P.  Fischer  {Comptes  rendvs,  Ixxxiii.  p.  1298)  an 
individual  was  stranded,  July  29,  1874,  near  Biaritz  (Basses 
Pyr^n^es),  the  skeleton  of  which  is  in  the  Museum  at  Bayonne. 
In  September  1872  another  one  was  taken  in  the  Firth  of  Forth, 
the  skeleton  of  which  is  in  the  Museum  of  the  University  of  Edin- 
burgh, and  is  described  by  Professor  Turner  in  Jour,  of  Anat. 
and  Phys.,  April  1882.  and  also  in  the  Proceedings  of  the  Royal 
Society  of  Edinburgh,  February  20,  1882.  In  1883  a  third 
specimen  was  taken  at  the  mouth  of  the  Eiver  Grouch,  in  Essex 
(Prof.  Flower,  Proc.  Zool.  Soc,  November  1883).  The  outward 
form  and  colour  of  B.  borealis  resemble  the  B.  musctduSy  the 
skeleton  having  points  peculiar  to  both  B,  rostrcUa  and  B. 
musculu3.  The  number  of  vertebrae  is  fifty-five  or  fifty-six 
{rostrata  forty-eight,  musculus  sixty-two),  and  the  tail  and 
shape  of  the  cranium  are  also  intermediate  between  those  of 
the  two  above-mentioned  species.  Hence  it  seems  many  natu- 
ralists doubt  the  existence  of  this  species. 

Some  naturalists  believe,  indeed,  that  it  is  only  a  large  B. 


A  FOUKTH  SPECIES  OF  THE  GENUS  BALiENOFTEBA.        295 

rostrcUa  (cf,  Rudolphi),  or  perhaps  a  hybrid  of  the  last  mentioned 
and  the  musculus.  I  am  not  aware  that  anyone  has,  up  to  the 
present,  observed  hybrid  individuals  among  cetaceans,  but  it  is 
not  impossible  that  some  really  exist  During  last  summer, 
two  whaling  captains  communicated  to  me  certain  facts,  from 
which  I  am  inclined  to  believe  in  the  existence  of  a  hybrid 
between  B,  musadus  and  B.  sihbaldii.  According  to  the  obser- 
vations of  these  men,  this  hybrid  is  distinguished  by  many  inter- 
esting peculiarities.  Its  length  is  about  that  of  a  B.  sibbcddii^BLud 
the  colour  of  the  belly  resembles  that  of  B.  musculus,  but  the 
colour  of  the  back  B,  sibbaldii.  The  blubber  is  very  thick,  and  the 
muscles  are  full  of  oil.    The  animal  is  very  timid,  and  lives  singly. 

I  add  this  short  description  of  a  supposed  hybrid,  in  order  not 
to  omit  calling  attention  to  a  very  interesting  probability. 

After  the  excellent  researches  by  Flower  (Froc.  Zool.  Soc,, 
1864,  p.  397),  by  Van  Beneden  and  Gervais  (Lc),  by  Turner  (Z.c.), 
and  again  by  Flower  (Lc.)  last  year,  there  cannot  be  any  doubt 
in  the  mind  of  students  that  the  B.  borealis  really  exists,  but 
it  is  quite  certain  that  there  is  still  much  to  be  learned  as  to 
the  characters  of  this  species. 

During  my  journey,  in  1883,  in  Finmarken,  I  made  some 
studies  of  the  exterior  of  the  B,  borealis,  and  on  the  fins  and 
skeleton  of  an  adult  specimen  of  this  species. 

Several  specimens  of  this  remarkable  species  have  been  cap- 
tared  daring  the  last  few  years  on  the  west  coast  of  Finmarken. 
The  whalers  call  this  species  "  sejehval,"  because  they  appear  on 
the  coast  at  the  same  time  as  the  "  coal-fish  "  (Oadvs  virens,  called 
in  Norwegian  "  sej  "). 

This  cod  does  not  serve  as  food  for  the  whale,  but  it  rivals  it 
in  pursuing  and  devouring  the  same  innumerable  small  Crustacea 
{Thyssanopoda  inermis)  called  "kril"  by  the  Norwegian  fisher- 
men. This  little  animal  is  well  known  as  forming  the  chief  or 
only  food  of  many  fishes  and  whales  (as,  for  instance,  B,  sibbaldii), 
and  is  often  found  in  enormous  shoals  in  these  latitudes. 

Thanks  to  the  courtesy  of  Captain  Bull,  director  of  the  fishing 
establishment  at  Sorvar  (70^°  N.  lat.),  and  Mr  A.  Somerfeldt,  a 
student,  1  have  been  enabled  to  make  some  very  interesting 
researches  as  to  the  outward  appearance  and  characteristics  of 
this  Balsenoptera.     Unfortunately   no  specimen  was  captured 
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during  my  stay  at  Sorvar,  or  I  would  have  profited  by  the 
opportunity  to  obtain  a  sketch  of  au  adult  animal. 

Length, — The  average  length  of  the  B.  boreaiis  is  about  40  feet, 
or  16  metres;  it  varies  from  33  to  45  feet  (11^-14^  metres). 
The  fishermen  showed  me  one  46  feet,  or  15*3  m.  long,  and 
two  others  of  medium  size  which  measured  respectively  41  and 
37  feet  (13*6  m.  and  12*1  m.).  In  any  case,  this  whale  does  not 
exceed  50  feet  or  16*6  m.  in  length. 

Form  and  Colour, — ^At  first  sight  the  northern  whale  resembles 
the  ''finhval"  {B,  mvsctUvs),  but  its  shape  is  more  elegant.  Its 
colour  is  black,  and  it  does  not  show  the  bluish  tint  slightly 
seen  in  B.  muscubcs,  and  readily  observed  in  the  blue  whale 
(B,  sibbaldii).  This  blue-grey  shade  is  seen  even  in  the  darkest 
animals.  Along  the  sides,  and  somewhat  lower,  the  colour  is 
mixed  with  whitish  spots.  The  belly  is  entirely  white  with  a 
reddish  tint.  The  white  part,  corresponding  with  the  stomach, 
does  not  extend  much  beyond  the  anus.  How  the  region  of  the 
throat  and  lower  jaw  are  defined  from  the  dolour,  I  have  been 
unable  to  ascertain  with  accuracy.  I  have,  however,  been  told 
that  the  semi-lateral  white  colour  of  the  lower  jaw,  which  ia 
found  in  B.  mvsciUiis,^  where  it  is  accompanied  by  a  whitisli 
tint  of  the  fins,  of  the  same  side,  does  not  exist  in  B,  boreaiis.  The 
lateral  fins  (anterior  extremities)  are  very  small  and  narrow  as 
those  of  the  "  fin "  whale ;  although  externally  dark  they  are 
lighter  in  colour  than  the  back  ones ;  internally  they  are  greyish 
white.  The  dorsal  fin  is  falciform,  with  a  convex  anterior  edge 
and  concave  posterior  edge.  It  much  resembles  that  of  B. 
rostrata,  and  is  situated,  as  far  as  can  be  judged  from  the  foetus, 
perpendicularly  above  the  anus. 

The  baleen  plates  of  this  whale  give  the  principal  exterior 
signs  which  characterise  and  distinguish  it.  Their  length  is  the 
same  as  those  of  the  blue  whale,  but  the  upper  extremity  is 
much  smaller.  Tlie  longest  plates  measured  by  me  had  the 
following  dimensions :— 

Metros. 
Outside  edge,  .....  0*700 

Inside  edge,    .....  0*880 

The  hairy  edge  a  length  of  about  0*700 

The  upper  edge  or  maxillary,    .  0*245 

'  The  semi-lateral  white  colour,  which  Professor  G.  0.  Sars  has  already  described, 
is  not  confined  exclusively  to  one  side,  but  varies,  according  to  my  obe6rvatioitf> 
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The  outer  edge  in  the  longest  fins  is  more  or  less  concave ;  in 
the  shortest,  more  rectilineal  The  hairy  part  of  the  inside  edge 
is  more  convex,  because  the  plate,  much  lengthened,  has  the 
shape  of  a  sword.  The  plates  have  not  a  flat  surface,  but,  as  is 
usually  the  case  with  the  great  divisions  of  Balsenoptera,  are 
slightly  curved  like  an  S,  i.e.,  the  outside  part  of  the  plate  is 
concave  in  front,  and  the  inside  presents  a  slight  convexity 
directed  forward.  Five  or  six  centimetres  of  the  plates  are 
uncased  in  the  epithelial  substance,  which  is  of  considerable 
thickness  at  the  buccal  arch.  The  result  is  that  the  outside 
concave  edge  of  the  plate  is  only  65  centimetres  long.  In  the 
large  plates  the  upper  edge  (maxillary)  makes  an  obtuse  angle 
with  the  outside  edge,  but  in  the  small  ones  this  angle  approaches 
nearer  to  a  right  angle. 

The  colour  of  the  baleen  plate  is  deep  black ;  it  resembles  that  of 
the  blue  whale ;  but  the  plate  differs  from  other  BalsBnopterida; 
in  this,  that  it  has  very  fine  hair  of  whitish  or  greyish  colour, 
resembling  the  hair  of  an  old  man  or  grey  wool  These  hairs,  of 
remarkable  fineness,  constitute  the  most  important  character  of 
these  plate&  In  this  respect  the  plates  of  the  species  in  questioa 
more  resemble  those  of  the  Balcena  mysticetus  than  those  of  the 
Bakenopteridce.  The  three  other  species  of  Balaenoptera  have,  as 
a  matter  of  fact,  very  thick  hair  on  their  baleeo.  The  small 
plates  are  fawn-coloured  or  white  inside,  while  the  longer  plates 
have  a  fawny,  whitish  streak,  the  length  of  their  inside  edge,  on 
the  upper  part  of  which  there  is  no  hair.  I  have  compared  the 
above-mentioned  plates  with  those  of  the  skeleton  in  the  Bergen 
Museum.  Herr  Nansen,  custodian  of  the  natural  history  section, 
was  good  enough  to  send  me  two  plates  of  this  specimen ;  they 
proved  to  be  exactly  similar  to  the  small  specimens  of  the  adult 
individual  obtained  by  me.^ 

The  skeleton  at  the  Bergen  Museum  measured  27  feet 
(9  metres)  in  length,  and  the  longest  plate  was  0*505  m. 

I  will  now  describe  the  foetus  and  skeleton  deposited  by  me  in 
the  Christiania  Museum. 

^  These  plates  are  covered  with  immmerable  Crustacea  (Copepodes;  in  all  stages 
of  development,  belonging  evidently  to  the  order  BalcenopJdlius  of  Aarevillius, 
and  perhaps  to  the  same  species  which,  according  to  that  writer,  is  a  parasite  on 
the  plates  of  ^.  sibhaJdii,  '  Professor  Van  Beneden  of  Louvain  will  publish  at  some 
favourable  opportunity  a  description  of  the  species  which  lives  on  B.  horecUis, 
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In  the  early  part  of  June  1883,  Captain  Ball,  in  accordance 
with  my  request,  kindly  sent  to  the  Zootomical  Museum  of 
Christiania  University  a  foetus  sufficiently  well  preserved  to 
enable  me  to  give  its  exact  outside  measurements.  This  foetus, 
a  female,  was  of  the  following  dimensions : — 


Total  length,    .  .  .  .  . 

Length  of  the  head  (from  the  anterior  extremity 

of  the  upper  jaw  to  the  meatus  auditorius 

extemus)^  .  .  .  .  . 

Distance  from  the  anterior  extremity  of  the  lower 

jaw  to  the  umbilicus, 
Distance   from  middle  of  umbilicus   to  the 

median  groove  in  the  caadal  fin,    . 
Length  of  right  anterior  limb,  . 
Distance  from  anterior  edge  of  the  above  to 

anterior  extremity  of  lower  jaw,     . 
Size  of  anterior  limb,    . 
Dorsal  fin,  length  at  base. 
Dorsal  fin,  height. 

Distance  from  dorsal  fin  to  caudal  groove, 
Distance  from  dorsal  fin  to  extremity  of  lower 

jaw,  •  ■  ■  . 

Breadth  of  caudal  fin,  . 
Distance  from  the  anua  to  the  caudal  aperture, 
Distance  from  the  anus  to  the  centre  of  the  um 

bilious,     .... 
Distance  from  the  anna  to  the  extremity  of  the 

lower  jaw, 


Metres. 
1-355 


0-345 

0-685 

0-660 
0-185 

0-415 
0-045 
0-068 
0O50 
0-417 

0-875 
0-332 
0-405 

0-250 

0-950 


The  dorsal  fin  is  falciform;  a  vertical  line  from  its  posterior 
extremity  passes  through  the  anus. 

The  head  is  equal  to  a  quarter  and  three-tenths  of  its  whole 
length ;  the  anterior  limbs  equal  a  seventh  and  three-tenths  of 
its  length,  and  the  dorsal  fin  is  one  twenty-seventh  of  the  length 
of  the  body.  The  latter  is  situated  between  the  posterior  and 
the  middle  of  the  body. 

The  upper  jaw  is  a  little  curved  inwards,  making  a  slight  con- 
cavity, as  it  is  very  narrow  and  pointed. 

The  ventral  grooves  are  64  in  number. 

The  bones  of  the  skeleton  at  Christiania  are  as  follows :— 
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Craniaiu,  omoplate,  the  tympanic  bone,  pelvic  bones,  tbe  third 
cervical  vertebra. 

The  length  of  the  skull  is  308  m. ;  the  maxillary  region  is 
6  feet  10  inches  (216  m.),  and  its  breadth  in  front  of  the  orbits 
0-91  m- 

In  1882  I  brought  back  the  three  first  cervical  vertebrae  of  an 
animal  captured  near  tbe  North  Gape  (in  the  Tufjord).  These 
vertebrae  probably  belonged  to  an  old  whale,  as  the  body  of  the 
bones  was  solid  along  the  lower  edges,  leaving  a  space  along  the 
lateral  and  upper  sides.  The  last  traces  of  epiphysis  have  dis- 
appeared. The  spinal  apophyses  are  very  high,  and  the  axis 
carries  the  largest ;  this  is  directed  slightly  forward.  The  atlas 
and  third  cervical  vertebra  carry  spinal  apophyses,  more  verti- 
cal ;  that  of  the  last  is  fine  and  sharply  pointed. 

The  atlas  carries  very  deep  articular  cavities  for  the  occipital 
condyles.  Tbe  large  diapophyses  are  large  and  short ;  they  pro- 
ject outside,  while  the  size  of  tbe  base  exceeds  the  length. 

On  the  lower  surface  of  the  atlas  traces  are  seen  of  a 
small  apophysis,  directed  backwards,  blended  with  the  body 
of  the  axis.  On  the  upper  side  of  the  diapophysis  a  small 
thick  and  triangular  metapophysis  is  observed,  directed  a  little 
in  front  The  vertebral  arches  are  very  strong,  and  support 
a  large  spina  lapophysis,  vertically.  The  dimensions  of  the  atlas 
are: — 

Metre& 
Greatest  height,  ....  0-330 

Greatest  breadth,  ....  0*480 

The  axis  has  the  transverse  apophyses  very  well  developed, 
the  parapophyses  (i.e.,  the  lower  transverse  apophyses)  are 
almost  double  the  size  of  the  diapophyses.  The  transverse 
orifice  is,  proportionately,  very  small,  while  the  vertical  plate  of 
the  transverse  apophysis,  formed  by  the  juncture  of  the  dia- 
and  parapophyses  is  very  large,  and  about  two  and  a  half  times 
the  transverse  diameter  of  the  transverse  orifice  (0*24  m.  to 
0*10  m.).  On  the  upper  edge  of  the  diapophysis,  there  is,  as  on 
the  atlas  and  third  cervical  vertebra,  a  small  metapophysis,  the 
extremity  of  which  is  directed  forward.  I  have  already  men- 
tioned that  its  conical,  spinal  apophysis  much  exceeds  the  others 
in  height. 
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The  following  are  the  diuienfiioas  of  the  axis : — 

Metres. 
Greatest  height,  0*380 

Greatest  breadth,  ....  0*785 

Thickness  of  the  body,  .  .  0*100 

The  third  cervical  vertebra,  where,  as  usual,  the  junction  of 
the  extremities  of  the  dia-  and  parapophyses  occurs,  has  a  very 
large  transverse  orifice.  The  dimensions  of  the  third  cervical 
vertebra  are  as  follows : — 

Metres. 
Greatest  height,  ....  0-350 

Greatest  breadth,          ....  0-660 

Height  of  the  vertebral  body,  .  0-165 

Breadth  of  the  vertebral  body,  0*220 

Size  of  the  vertebral  body,  0*050 

The  following  are  the  dimensions  oi  the  third  cervical 
vertebra  belonging  to  the  previously  mentioned  cranium : — 

Metres. 
Greatest  height,  ....  0*280 

Greatest  breadth,  ....  0*680 

Height  of  body,  ....  0-160 

Breadth  of  body,  ....  0-203 

Size  of  body,    .....  0*050 

The  breadth  of  the  omoplate  is  about  double  its  height.  It  is 
distinguished  by  its  extremely  elegant  shape;  the  surface  is  very 
smooth  and  its  thickness  is  only  0*005  m.  at  the  narrowest  part. 
The  upper  edge  is  very  convex,  the  back  edge  is  slightly  con- 
cave at  its  lower  part,  and  the  anterior  edge  is  rectilinear.  The 
acromion  is  very  large,  and  becomes  broad  in  front ;  it  is  slightly 
bent  upwards  and  forms  an  acute  angle  with  the  anterior  edge 
of  the  omoplate.  The  coracoidal  apophysis,  on  the  other  hand, 
becomes  narrow  in  front ;  it  rapidly  widens  inwards,  and  a  little 
upwards.    The  glenoidal  cavity  is  oval. 

The  dimensions  of  the  scapula  are  as  follows : — 

Metres. 

Greatest  width  or  length,     .  1*035 

Greatest  height,       ....  0*615 

Approximate  length  of  the  acromion,  .  0*250 

Middle  diameter  of  coracoidal  apophysis,     .  0*150 

3'be  pelvic  bones  are  not  alike  on  each  side.    The  right  one 
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18  0-250  m.  long,  the  left,  bent  like  an  S,  is  rather  distorted,  its 
length  being  0-220  m. 

The  tympanal  bone  chiefly  resembles  that  of  Balanioptera 
mtisculus,  the  principal  distinction  being  its  flat  form  and  pointed 
extremities.  Its  greatest  length  is  119  mm.,  diameter  56  mm., 
and  height  86  mm.  Professor  Turner  (Lc)  compares  the  tym- 
panal bones  of  B.  rostrata,  B.  sibbaldii,  and  B,  borealis,  and 
remarks  that  a  peculiarity  of  the  latter  is  the  relative  want  of 
breadth. 

If  this  description  is  compared  with  that  of  Professor  Lilljie- 
borg  in  Oversigt  af  de  inom  Skandinavien  aiUrdffade  hvcdartete 
ddggdjur  Upscda  UniversUets  drsskri/t,  1878,   page   25;   idem, 
Svmges  och  Norges  Ryggradsdjur,  1  Daggdjuren  2"*®**  Del.,  page 
945 ;  of  J.  E.  Gray,  Catalogxie  of  Seals  and  Whales  in   British 
Museum,  1868  and  1870;  idem,  Proc.  Zool  Soc„  1864,  p.  223; 
Professor  Flower,  Proc.  Zool.  Soc,  1864,  p.  399  ;  of  Van  Beneden 
and  Gervais,  Osteographie  des  CetacSs  vivants  et  fossiles,  p.  252, 
and  pis.  X.  and  xL,  figs.  11-35 ;  Professor  Turner,  Journal  of 
Anatomy  and  Physiology,  April  1882,  pp.  471-484;  Professor 
Flower,  Proc.  Zool.  Soc,  1883,  pp.  113-117 ;  from  these  I  have 
come  to  the  conclusion  that  all  the  essential  characteristics  are 
identical.    T  admit  there  are  some  slight  differences,  but  these 
do  principally  arise  from  difference  in  age.     Most  of  the  speci- 
mens described  are  far  from  being  adults,  though  Professor 
Turner  has  described  in  Jour,  of  Anat.  and  Phys.,  1882,  a  speci- 
men 38  feet  long,  which  must  therefore  be  an  adult.     Of  previous 
writers    Professor  Turner  alone  has  given  a  detailed  descrip- 
tion of  the  balean,   Professor  Lilljieborg  only  referring  to  it 
casually.    But  I  believe  nobody  has  hitherto  called  attention  to 
the  fineness  and  thinness  of  hair  on  the  plates,  by  which  this 
species  is  distinguished  from  other  Balsenopteridse. 

All  the  specimens  observed  up  to  the  present,  leaving  out  of 
consideration  B.  ScKUgdii,  Flower,  and  Sibbaidius  tiiberosvs, 
Lilljieborg,  have  been  found  on  the  coasts  of  Northern  Europe, 
from  the  south-west  coast  of  France  to  the  North  Cape.  Never- 
theless, whalers  have  seen  and  captured  the  "sejehval''  as  far 
as  Vard6  and  Vads6,  on  the  east  coast  of  Finmarken,  viz.,  in  the 
same  longitude  as  St  Petersburg.  It  is,  however,  quite  excep- 
tional that  this  variety  is  found  east  of  the  North  Cape. 
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According  to  the  experience  of  Captain  Bull,  who  has  hunted 
this  whale  for  the  last  five  years,  the  B,  horealis  only  approaches 
the  coast  in  the  snmmer.  At  the  end  of  May  it  appears  at  from 
5  to  10  leagues  from  land.  In  June  and  July  it  enters  the 
fjords.  It  has  been  captured  as  late  as  September,  but  generally 
disappears  earlier.  In  its  migratory  summer  visits  to  the  Nor- 
wegian coast,  it  mach  resembles  the  blue  whale  {B.  sibhaldii),  as 
this  species  only  approaches  the  coast  during  the  summer. 
Last  year  very  few  **  seje  "  whales  appeared  on  the  Norwegian 
coast,  and  I  am  informed  that  Captain  Bull  only  caught  four  or 
five  specimens,  whereas  he  caught  forty-eight  in  1883. 

As  I  have  already  mentioned  the  *'  sejehval "  and  also  the  B, 
sibbaldii  feeds  on  small  crustacsB,  Thyssanopoda  inermis.  It  is 
not  known,  for  certain,  whether  these  animals  also  eat  fish. 

In  Professor  Lilljieborg's  important  work  Sveriges  och  Norges 
ddggdjur,  this  species  is  called  "  silhval,"  viz.,  "  herring  whale  " ; 
and  the  author  supposes  that  these  whales  piirsue  these  enormous 
shoals  of  herrings.^  That  may  be  possible,  but  perhaps  it  is  less 
to  prey  on  the  herrings  than  upon  the  small  animals  upon  which 
the  latter  also  live.  It  seems  to  me  that  the  Iiairs  of  the  fins, 
very  fine  and  slender,  and  greatly  resembling  those  of  the  Green- 
land whale,  are  made  purposely  to  retain  small  invertebrate 
animals. 

Among  the  Balaenopteridae  the  B.  boreoUis  has  the  best  flesh, 
and  during  recent  years  the  flesh  has  been  skinned  for  eating. 
The  colour  of  the  flesh  is  about  the  same  as  beef,  while  that  of 
other  Balsenopteridse  is  much  darker.  The  oil  of  this  species  of 
whale  is  very  fine,  containing  less  stearine  than  that  obtained 
from  other  species. 

^  We  know  for  a  fact  that  the  B.  musculus  and  roiircUa  follow  the  hening 
shoals. 


SOME  VARIATIONS  IN  THE  ANATOMY  OF  THE 
HUMAN  LIVER  Br  Arthur  Thomson,  M.B.,  DtTnon- 
strcUor  of  Anatomy,  University  of  JSdinhtcryh, 

Case  1.  An  unasual  an-angemeDt  of  the  lobes  of  the  liver  was  lately 
observed  in  the  dissection  of  an  aged  female  subject  in  the  ana- 
tomical rooms  of  the  University  of  Edinburgh.  The  most  striking 
feature  in  the  specimen  was  the  presence  of  an  accessory  lobe  of 
considerable  size,  which  was  connected  with  the  free  margin  of  the 
right  lobe  close  to  the  anterior  extremity  of  the  longitudinal  fissure. 

Description  of  the  Liver  on  Removal. — ^The  liver  was  small — 
greatest  transverse  diameter,  10  inches ;  greatest  antero-posterior 
diameter  of  right  lobe,  5  inches ;  greatest  antero-posterior  dia- 
meter of  left  lobe,  4|  inches;  weight  22^  oz.  Projecting  from  the 
anterior  margin  of  the  right  lobe  there  was  a  tongue-like  process 
of  liver  substance  which  measured  2^  inches  in  length  from  its 
base  to  its  most  dependent  point ;  the  left  margin  of  this  process 
was  in  close  relation  to  the  anterior  extremity  of  the  longitudinal 
fissure.  From  this  point,  towards  the  right,  its  attachment  to  the 
anterior  border  of  the  right  lobe  measured  3  inches. 

On  examination  of  the  under  surface  of  the  gland  the  follow- 
ing facts  were  noted : — 

The  under  surface  of  the  left  lobe  was  normal 

The  arrangement  of  the  fissures  and  lobes  to  the  right  of  the 
longitudinal  fissure  was  as  follows : — At  a  point  corresponding  to 
the  junction  of  the  anterior  and  middle  thirds  of  the  longitudinal 
fissure,  the  "  transverse "  fissure  passed  obliquely  forwards  and 
to  the  right,  towards  the  point  at  which  the  right  margin  of 
the  tongue-like  projection  of  liver  substance  joined  the  anterior 
margin  of  the  right  lobe.  The  hepatic  ducts,  the  hepatic 
artery,  and  the  portal  vein  were  found  in  this  fissure  in  the  order 
stated  from  before  backward.  Each  of  these  structures  was 
connected  near  the  anterior  extremity  of  this  oblique  fissure 
with  the  branches  which  entered  a  small  fissure  on  the  under 
surface  of  the  accessory  lobe,  close  to  the  point  at  which  this 
lobe  was  connected  with  the  margin  of  the  right  lobe. 
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Anterior  to  this  obliquely  placed  hilus  the  liver  substance  was 
disposed  as  follows: — Passing  forward  from  the  hilus,  about 
1  inch  from,  and  parallel  to,  the  longitudinal  fissure,  was  a  deep 
sulcus,  which,  as  it  approached  the  free  margin  of  the  liver, 
became  much  broader  and  shallower ;  at  this  point  its  roof  was 
formed  by  a  double  layer  of  peritoneum  as  that  serous  membrane 
was  reflected  from  the  upper  on  to  the  under  surface  of  the  organ. 
In  this  fissure  the  gall  bladder  was  lodged.  Between  this  fissure 
for  the  gall  bladder,  and  the  longitudinal  fissure,  there  was  a 
small  nodule  of  liver  substance  about  the  size  of  a  small  walnut; 
this  represented  the  quadrate  lobe,  anteriorly;  this  was  pro- 
longed forward  for  about  1  inch  as  a  little  tail-like  process  which 
lay  between  the  layers  of  the  peritoneal  fold  already  described. 

The  under  surface  of  the  accessory  lobe  presented  a  pyriform 
appearance,  separated  from  the  right  lobe  by  the  oblique  hilus, 
and  from  the  little  lobe  above  described  by  the  fissure  for  the 
gall  bladder. 

Posterior  to  the  hilus,  the  under  surface  of  the  organ  presented 
much  the  usual  appearance.  The  Spigelian  lobe  was  well  marked, 
and  was  connected  in  front  with  a  very  distinct  caudate  lobe ; 
the  anterior  extremity  of  the  caudate  lobe,  instead  of  being 
rounded  off  into  the  gland  substance,  about  the  middle  of  the 
under  surface  of  the  right  lobe,  reached  to  within  |  of  an  inch  of 
the  anterior  free  margin  of  the  organ,  and  close  to  the  point  at 
which  the  right  margin  of  the  accessory  lobe  was  fused  with  the 
anterior  border  of  the  right  lobe ;  the  caudate  lobe  was  separated 
from  the  accessory  lobe  by  the  various  structures  entering  the 
hilus. 

Unfortunately,  I  had  no  opportunity  of  examining  the  liver 
in  situ  in  the  abdominal  cavity,  as  my  attention  was  not  directed 
to  the  subject  until  after  the  viscus  was  removed ;  but  from  what 
I  can  gather  from  the  statements  of  the  dissectors  of  the  part, 
its  position  was  somewhat  as  follows : — 

The  lowest  part  of  the  accessory  lobe,  already  described,  pro- 
jected a  little  less  than  |  an  inch  below  the  ninth  right  costal 
cartilage.  To  the  right,  and  external  to  this,  the  anterior  border 
of  the  right  lobe  receded  under  cover  of  the  costal  margin  as 
much  as  2  inches,  the  hepatic  flexure  of  the  colon  ascending  to 
a  correspondingly  higher  level. 
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From  these  facts,  and  also  from  the  examioatioD  of  the  organ, 
I  am  inclined  to  think  that  the  abnormality  consists  rather  in  the 
suppression  of  the  development  of  a  part  of  the  right  lobe,  than 
in  the  addition  of  a  supplemental  portion  of  gland  substance. 

There  was  no  evidence  of  disease  in  the  orgao,  nor  was  there 
any  indication  of  tight  laciog  haviug  been  practised  during  life. 
The  case  is  of  some  interest  from  the  point  of  view  of  the 
physician,  as  grave  error  in  diagnosis  might  have  resulted  from 
the  physical  examination  of  this  subject  during  life. 

It  would  have  been  a  most  natural  conclusion  to  have  arrived 
at,  that  the  patient  was  suffering  from  exteosive  atrophy  of  the 
gland ;  and  it  is  not  at  all  improbable  that  the  abnormal  lobe, 
here  described,  might  have  been  mistaken  for  a  distended  gall 
bladder.  Fierichs^  has  pointed  out  that  congenital  malfor- 
mations of  the  liver  may  lead  to  such  mistakes;  but,  so  far 
as  I  am  aware,  no  case  has  been  recorded  where  such  a  condition 
might  give  rise  to  the  physical  diagnosis  of  atrophic  changes,  as 
hinted  at  above. 

Case  2.  The  next  case  is  a  somewhat  rare  and  interesting  con- 
dition, in  which  the  hepatic  veins  opened  directly  into  the  right 
auricle  of  the  heart. 

On  laying  open  the  cavity  of  the  right  auricle  three  orifices 
were  observed  opening  into  its  lower  and 'posterior  part.  By 
thrusting  the  fingers  into  these  openings  two  were  seen  to  pass 
directly  into  the  liver  substance  immediately  below  the  dia- 
phragm, whilst  the  third,  or  intermediate  in  position,  of  these 
venous  channels  was  recognised  as  the  inferior  vena  cava.  The 
aperture  of  this  vessel  was  much  smaller  than  usual,  otherwise 
it  was  normal  in  position  and  direction. 

As  regards  the  position  and  size  of  the  hepatic  veins,  they  were 
as  follows : — The  larger  of  the  two  was  about  half  the  calibre  of 
the  inferior  cava,  and  lay  to  the  left  side  of  the  orifice  of  that 
vessel,  separated  from  it  by  a  double  fold  of  endocardium  and 
subjacent  tissue  of  about  |  of  an  inch  in  thickness.  On  looking 
into  the  opening  of  this  hepatic  vein,  a  vessel  of  considerable  size 
was  seen  to  join  it  just  prior  to  its  entrance  into  the  auricia  By 
thrusting  a  probe  down  these  vessels  they  were  found  to  arise 
within  the  substance  of  the  left  lobe  of  the  liver. 

^  Diseases  of  the  Livery  New  Sydenham  Society,  1860,  vol.  i.  p.  41. 
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In  front  of,  and  to  the  right  of,  the  caval  orifice  lay  the  month 
of  the  other  hepatic  vein,  somewhat  less  in  size  than  the  above; 
similarly,  it  was  separated  from  the  opening  of  the  inferior  cava 
by  a  double  layer  of  endocardium  and  subjacent  tissue.  On 
examining  the  surface  of  the  inter-auricular  septum  two  shallow 
grooves  could  be  traced  upward  towards  the  fossa  ovalis  from 
the  mouth  of  the  inferior  cava,  and  the  hepatic  vein  which  lay 
to  its  left  side — the  double  fold  of  endocardium  separating  these 
two  openings  being  prolonged  upwards  and  forming  the  ridge 
which  separated  the  two  grooves.  There  was  little  or  no  trace 
of  an  Eustachian  valve.  What  was  apparently  the  remains  of 
that  structure  lay  to  the  left  of  the  mouth  of  the  left  hepatic  vein 
(between  this  vein  and  the  right  auriculo-ventricular  opening), 
and  passed  upwards  to  blend  with  the  thickened  margin  of  the 
annulus  ovalis.  There  was  no  evidence  of  enlargement  of  the 
heart  The  valves,  with  the  exception  of  the  aortic,  in  which 
there  was  slight  atheromatous  deposit,  were  healthy. 

Similar  cases  are  recorded  in  vol.  iiL  of  Henle's  Anatomy,^ 
wherein  ar^  quoted  Morgagni  and  Huber. 

In  the  instance  described  by  Bothe  ^  the  hepatic  vein  entered 
the  base  of  the  right  ventricle,  its  mouth  being  guarded  by  three 
valves.  Hyrtl,'  in  his  notes  of  the  examination  of  the  body  of  a 
deaf  and  dumb  boy,  seven  years  old,  mentions  that — '*  All  the 
hepatic  veins  joined  in  a  thick  common  trunk,  which  did  not  as 
usual  enter  the  ascending  vena  cava,  but  passed  through  the 
diaphragm  on  the  left  side  of  that  vessel,  and  emptied  itself  into 
the  venous  auricle  of  the  heart."  He  also  quotes  Frid  Gurlt  as 
having  recorded  a  similar  condition.^ 

^  Henle,  AruUomie  des  Menachen,  vol.  iii.  pp.  388,  889. 
'  Transactiona  of  Joseph! a  Academy ^  1787,  vol.  i  p.  267. 
'  OSsterreichea  medicaliaches  Jahrbuchj  1886,  xi.  425. 
*  De  Venarum  deformitatumibua,  Vratislaw,  1819,  p.  22. 


SOME  OBSERVATIONS  IN  REFERENCE  TO  BILATERAL 
ASYMMETRY  OF  FORM  AND  FUNCTION.  By 
Frederick  Tuckerman,  M.D.,  Lecturer  on  AncUoniy  and 
Physiology,  Massachusetts  Agricultural  College,  U.S.A. 

The  following  data  in  aoimal  physics  are  chiefly  interesting 
from  their  bearing  on  the  question  of  right  and  left-sidedness 
in  relation  both  to  form  and  function. 

Daring  the  past  autumn  anthropometric  observations  were 
made  upon  over  fifty  students  of  the  Massachusetts  Agricultural 
College,  and,  as  a  result,  nearly  three  thousand  measurements 
have  been  recorded. 

The  average  age  was  nineteen  years  and  six  months:  minimum 
and  maximum  age  sixteen  years  and  twenty-six  years  respec- 
tively. The  average  weight  was  67*8  kilos.  The  average  height, 
1730  m.,  and  the  average  horizontal  length,  1*742  m. 

It  is  quite  generally  known  that  the  horizontal  length  of  the 
body  almost  always  exceeds  the  height  This  was  found  to  be 
so  in  90  per  cent,  of  the  cases,  the  average  difference  being 
12  mnu 

The  greater  number  showed  the  right  leg  longer  than  the  left. 
The  difference  in  length  between  the  right  and  left  leg  was 
found  to  be  sometimes  in  the  femur  and  sometimes  below  the 
knee.  The  longer  leg  generally  had  the  greater  girth.  When 
the  left  leg  was  the  longest  the  right  arm  was  found  to  be  the 
longest,  as  is  the  case  when  the  right  leg  is  longest.  Eighty 
per  cent,  showed  the  right  knee  to  be  farther  from  the  ground 
than  the  left. 

The  right  arm  was  the  longest  in  80  per  cent,  of  the  cases ; 
the  average  difference  between  the  length  of  the  right  and  left 
arm  being  14  mm.  The  difference  in  the  length  of  the  arm  was 
sometimes  in  the  humerus,  sometimes  in  the  bunes  of  the  fore- 
arm, and  sometimes  below  the  wrist. 

The  girth  of  the  right  arm  was  greater  than  the  left  in 
nearly  90  per  cent,  of  the  cases.  The  girth  of  the  fore-arm 
is  usually  a  measure  of  the  strength  of  the  hand.  The  right 
fore-arm  was  almost  invariably  the  strongest.    The  difference 
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between  the  right  and  left  girths  of  the  lower  extremities  was, 
as  would  be  expected,  greater  on  the  right  side  than  on  the  left ; 
but  the  difference  was  not  nearly  so  marked  as  in  the  upper 
extremities. 

Chest  Oirth  (full  and  in  repose). — 54*32  per  cent  showed  the 
right  chest  the  longer,  17*38  per  cent,  the  left  chest,  and  28"30 
per  cent,  showed  no  difference  between  the  two  sides.  In 
twenty-one  cases  where  the  right  chest  was  the  laigest,  nineteen 
showed  the  right  arm  the  longest  In  eight  cases  where  the 
left  chest  was  the  largest,  five  showed  the  left  arm  the  longest ; 
and  in  thirteen  cases  where  there  was  no  difference  between  the 
two  sides  of  the  chest,  eight  showed  the  right  arm  the  longest 

The  abdominal  girth  showed  a  considerable  difference  in 
favour  of  the  right  side. 

A  given  weight  felt  heavier  in  the  left  hand  than  in  the  right 
in  a  large  proportion  of  the  cases. 

The  right  eye  was  the  eye  most  used  in  nearly  every  instance. 
In  the  only  pronounced  case  of  left-handedness  the  left  eye  was 
preferred. 


A  CASE  OF  EXOSTOSIS  OF  THE  ULNA.  By  R  J. 
Anderson,  M.A,  M.D.,  Professor  of  Natural  History, 
Qusen*s  College,  Oalway. 

The  following  example  of  a  very  rare  form  of  exostosis  of  the 
ulna  was  foand  in  the  Belfast  Anatomical  Booms  during  the 
Session  1880-81.  The  subject  was  a  female  aged  50  years. 
The  conformation  of  the  fore-arm  was  for  the  most  part  normal. 
A  tumour  was  felt  at  the  junction  of  the  middle  aud  lower 
thirds  of  the  fore-arm — ^the  position  of  the  interosseous  space. 

The  removal  of  the  soft  parts  showed  that  the  tumour  was 
attached  to  the  ulna,  and  the  bony  projection  was  received  into 
a  concavity  in  the  radius.  The  measurements  of  the  radius, 
ulna,  aud  the  interosseous  space,  are  here  given  in  millimeters: — 


Measurements  of  Radius — 

From  styloid  process  to  head,   . 

Transverse  diameter  of  head,     . 

Transverse  diameter  at  tuberosity, 

Transverse  diameter  at  the  upper  end  of  cavity, 

Transverse  diameter  at  middle  of  cavity. 

Transverse  diameter  at  lower  end  of  cavity. 

Transverse  diameter  of  lower  end, 

Measurements  of  Ulna — 

From  styloid  process  to  olecranon. 
From  styloid  process  to  eoronoid, 
Transverse  diameter  of  olecranon, 
Transverse  diameter  at  narrowest  part, 
Transverse  diameter  of  eoronoid, 
Shaft  at  upper  border  of  exostosis, 
Shaft  at  lower  border  of  exostosis, 
Transverse  diameter  at  lower  border,     . 

Measuremerds  of  Exostosis — 

Distance    of    the    articular   surface  from  the 
posterior  border  of  the  ulna  behind, 
Do.  do.  in  front, 

Neck  (longitudinal  diameter), 
(antero-posterior  diameter), 


23-9 
2-4 
1-8 
1-9 
1-8 
2-3 
3-8 

25-6 
230 
3-0 
2-4 
2-8 
1-6 
2-0 
20 


30 
2  0 
1-6 
10 
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Head  (longitudinal  diameter),  2*0 

(antero-posterior  diameter),  1  "6 

Socket  (longitudinal  diameter),  2*4 

(antero-posterior  diameter),  1*9 

Upper  part  of  interosseous  space,  '13 

Lower  longitudinal  diameter,    .  4*2 

Greatest  breadth,  1'2 

The  shaft  of  the  radius  is  normal  for  the  upper  two-thirds  of 
its  extent.  The  shaft  becomes  wider  at  a  distance  of  7-8  cm. 
from  the  lower  extremity,  and  here  the  inner  part  is  marked  by 
a  large  cavity,  the  measurements  of  which  are  given  above.  It 
is  lined  with  cartilage,  and  its  border  projects  at  the  lower  part 
The  long  axis  is  nearly  parallel  to  the  long  axes  of  the  bones. 
The  anterior  surface  of  the  radius  at  and  below  the  cavity  is 
somewhat  flattened.  The  posterior  surface  is  not  much  changed 
except  where  it  is  encroached  upon  by  the  articular  facet  A 
slight  ridge  runs  downwards  and  outwards  from  the  lower  end 
of  the  cavity. 

The  ulna,  at  a  distance  of  7*3  cm.  from  its  lower  extremity, 
increases  in  size,  and  diminishes  again  further  down.  The 
enlargement  is  marked  by  a  furrow  near  the  middle,  and  half 
an  inch  further  down  by  a  ridge, — this  ridge  runs  downwards 
and  inwards  from  the  lower  part  of  the  exostosis,  and  ceases  near 
the  anterior  part  of  the  inner  surface  of  the  ulna.  The  posterior 
surface  is  greatly  increased  in  breadth,  and  is  marked  by  a 
vertical  groove  close  to  the  exostosis.  The  exostosis  consists  of 
a  neck  and  head ;  the  former  is  flattened  from  before  backwards, 
the  latter  presents  a  well-marked  articular  surface,  sharply 
limited  and  covered  with  cartilage.  A  capsule  and  synovial 
membrane  are  present,  the  former  being  attached  round  the 
articular  cavity.  The  interosseous  membrane  is  attached  to 
both  bones — the  exostosis  and  the  capsule 


THE  MU8CULUS  STERNALIS  AND  ITS  OCCURRENCE 
IN  (HUMAN)  ANENCEPHALOUS  MONSTERS.  By 
Francis  J.  Shepherd,  M.D.,  CM.,  Professor  of  Anatomy 
in  iPGill  University,  Montreal.    (Plate  XV.) 

At  the  meeting  of  the  British  AsBOciatioo  held  last  stunmer  in 
Montreal,  Professor  D.  J.  Cunningham,  of  Dublin,  read  a  paper 
on  "  The  Value  of  Nerve-Supplj  in  the  Determination  of  Mus- 
cular Anomalies/'  in  which  he  stated  his  belief  that  the  moscu- 
lus  sternalis  belonged  to  the  pectoral  group — ^in  fact,  was  an 
aberrant  portion  of  the  pectoralis  major,  as  recently  suggested 
by  Mr  Abraham,  of  Dublin.^  Professor  Cunningham  had  traced 
the  nerve-supply  ^  of  the  musculus  sternalis  in  five  cases,  and 
found  that  it  came  from  the  internal  anterior  thoracic  nerve, 
a  proof  he  thought  that  it  belonged  to  the  pectoral  group.  He 
also  threw  out  the  suggestion  that  this  might  possibly  be  a  new 
inspiratory  muscle  antagonistic  to  the  triangularis  sterni  appear- 
ing in  man  (for  it  acted  when  well  developed  as  an  elevator  of 
the  ribs),  and  stated  his  impression  to  be  that  it  occurred  more 
frequently  in  females,  as  costal  inspiration  is  more  pronounced 
in  women  than  in  men. 

In  the  discussion  which  followed,  both  Dr  G.  K  Dobson  and 
myself  held  that  the  musculus  sternalis  was  most  likely  a 
remnant  of  the  panniculus  carnosus.  Dr  Dobson  considered 
that  the  stemo-cuticularis  muscle  of  the  hedgehog  closely  corre- 
sponded to  the  musculus  sternalis.  ' 

Professor  Cunningham  also  mentioned  in  his  paper  that  Mr 
Abraham  had  recently  found  the  musculus  sternalis  to  occur 
very  commonly  in  anencephalous  monsters,  as  he  had  seen  it  in 
six  out  of  eleven  specimens  examined. 

Since  the  meeting  of  the  British  Association  I  have  examined 
six  anencephalous  monsters  which  are  in  the  museum  of  the 
Medical  School  of  M'Gill  University,  and  have  found  in  each 
one  a  well-marked  example  of  the  mijsculus  sternalis.  My 
recent  dissections  of  these  monsters  has  had  the  effect  of  changing 

^  Trans.  Acad,  Medicine  in  Ireland,  vol.  L,  1883. 
'  Jour.  Anat.  and  Phya.,  January  1884. 
VOL.  XIX.  X 
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my  previoos  views  in  regard  to  the  homology  of  this  muscle.  I 
have  been  convinced  that  it  does  not  belong  to  the  panuiculus 
group,  bnt  very  probably  should  be  classed  with  the  pectoral 
group  for  the  following  reasons : — 

1.  In  seven  out  of  the  nine  muscles  found  in  these  monsters 
(three  had  double  muscles)  the  nerve-supply  was  furnished  by 
the  anterior  thoracic ;  one  of  these  seven,  however,  in  addition, 
received  a  small  branch  from  one  of  the  intercostal.  In  the 
other  two  muscles,  occurring  in  the  same  foetus,  I  was  unable  to 
satisfactorily  make  out  the  nerve-supply,  but  am  inclined  to 
believe  it  came  from  the  anterior  thoracic  (Case  ILL). 

2.  In  three  the  fibres  of  the  abnormal  muscles  were  continuous 
with  those  of  the  greater  pectoral  (figs.  1,  2,  6),  and  in  one 
(fig.  5)  the  fibres  pierced  the  greater  pectoral. 

3.  In  several  the  insertion  of  the  musculus  sternalis  was 
covered  by  the  pectoralis  major,  and  the  origin  was  in  common 
with  the  upper  sternal  fibres  of  the  pectoralis  major  (figs.  1, 
4,6). 

4.  The  greater  pectoral  was  deficient  on  the  side  on  which  the 
musculus  sternalis  was  present  in  eight  cases  (figs.  1,  2,  3,  5,  6). 

5.  In  one  (Case  VI.)  the  right  platysma  myoides  was  well 
developed,  and  passed  some  distance  below  the  clavicle.  It  was 
separated  from  the  musculus  sternalis  of  that  side  by  fascia  and 
a  thick  layer  of  fat,  and  was  on  a  plane  quite  superficial  to  the 
musculus  sternalis. 

In  all  the  cases  except  one  (fig.  3)  the  abnormal  muscle  was 
quite  large  and  well  developed,  and  had  an  attachment  to  the 
sternum  and  costal  cartilages.  The  majority  of  the  muscles 
were  triangular  in  shape,  though  some  were  fusiform.  In  the 
last  three  dissected  I  had  no  diflBculty  in  tracing  the  nerve- 
supply,  as  the  nerve  was  always  found  passing  along  the  interval 
which  existed  between  the  two  portions  of  the  greater  pectoral, 
thence  over  the  pectoralis  minor,  through  the  costo-coracoid 
membrane,  to  the  internal  anterior  thoracic  nerve.  The  nerve 
always  entered  the  muscle  on  its  deep  surface.  In  three  of  the 
subjects  the  muscles  were  continuous  with  the  sternal  insertion 
of  the  sterno-mastoid  (figs.  1,  2,  4).  In  two  a  portion  of  the 
muscle  blended  with  the  aponeurosis  of  the  external  abdominal 
oblique. 
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I  do  not  propose  in  this  paper  to  discuss  all  the  various  views 
that  have  been  held  in  regard  to  the  homology  of  the  musculus 
sternalis,  as  this  has  already  been  ably  done  by  Professor  Turner^ 
and  others;  but  I  might  mention  that  Professor  Bardeleben* 
has  advanced  the  theory  that  some  of  these  muscles  belong  to 
the  sterno-mastoid,  and  are  supplied  by  the  intercostal  nerven, 
whilst  others  should  be  classed  with  the  pectoral  group,  because 
they  receive  their  nerve-supply  from  the  anterior  thoracic. 
Malbrane's^  observations  agree  with  Bardeleben's,  for  in  two 
living  subjects  he  found  the  musculus  sternalis  standing  out 
quite  perceptibly  under  the  skin. 

In  the  first  case  faradisation  of  the  intercostal  nerves  brought 
the  muscle  into  action,  but  in  the  second  it  failed ;  but  when 
faradisation  of  the  thoracic  nerves  was  employed,  the  muscle 
responded  immediately.* 

M.  Testut^  holds  that  the  musculus  sternalis  (pfe-sternal)  is 
in  its  upper  part  an  appanage  of  the  sterno-mastoid,  and  in  its 
lower  belongs  to  the  external  abdominal  oblique.  He  says  these 
muscles  (sterno-mastoid  and  external  abdominal  oblique)  are  in 
the  same  muscular  plane,  and  that  the  musculus  sternalis  is  the 
remnant  in  man  of  the  old  connection  which  formerly  existed 
between  the  two — a  connection  which  exists  in  serpents. 

As  I  said  above,  I  feel  disposed  to  consider  the  musculus 
sternalis  as  belonging  to  the  pectoral  group,  and  await  further 
light  to  determine  its  proper  morphological  significance.  In 
some  of  my  cases  it  appeared  to  take  the  place  of  the  absent 
portion  of  the  greater  pectoral,  and  where  the  muscle  was  well 
developed  would  act  as  an  elevator  of  the  ribs. 

As  to  its  occurrence  in  anencephalous  monsters,  I  am  unable 
to  afford  any  explanation.  As  far  as  I  can  judge  from  the  six 
specimens  I  have  examined,  it  appears  to  be  the  normal  condi- 
tion. There  seems  to  be  great  variety  of  origin,  insertion,  size, 
and  shape  of  these  muscles,  no  two  being  exactly  alike.  The 
fact  that  this  muscle  occurs  so  commonly  in  the  brainless  mon- 
sters- would  point  rather  to  its  being  a  rudiment  than  a  new 

^  Jowr,  of  Ariat.  and  Fhys.,  vol.  i.  p.  246. 

*  Qaoted  by  Testut  in  Les  Anomalies  Muaculaires  ehez  Vhommtt  1884. 

*  In  Case  III.  in  my  series  the  muscle  was  supplied  by  both  intercostal  and 
anterior  thoracic  nerves. 

^  Lea  Anomalies  Musculaires  chet  Vhornmef  p.  84. 
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muBcle  appearing  in  man.  For  it  is  in  these  cases  of  arrest  of 
development  we  should  expect  to  find  reversions,  rudiments,  and 
anomaliea  On  the  other  hand,  no  arrangement  of  any  existing 
pectoral  group  resembles  that  found  in  these  brainless  mon- 
sters. 

The  proportion  of  female  anencephalous  monsters  is  very  laige 
in  my  series — five  out  of  six  are  females ;  and  as  far  as  I  can 
learn  it  is  rather  the  exception  for  an  anencephalous  monster  to 
be  of  the  male  sex. 

The  cases  described  in  detail  are  as  follows : — 

Case  I.  (fig.  1).  Female  foetus,  fidl  term,  Anencephalous. 
JMueculuB  stemalis  unUaieraL    Left 

The  musculus  sternalis  in  this  specimen  is  of  large  size,  and 
arises  from  the  fascia  over  the  first  piece  of  the  sternum  by  a  flat 
tendon,  which  is  continuous  above  with  the  sternal  origins  of 
both  sterno-mastoid  muscles,  and  on  the  right  side  is  connected 
with  the  muscular  fibres  of  the  greater  pectoral  arising  from  the 
manubrium.  From  this  origin  the  muscle  passes  downwards 
and  outwards  to  the  left  side,  expanding  as  it  descends  into  a 
large  fusiform  muscle,  which  is  inserted  into  the  whole  of  the 
fourth  left  costal  cartilage  and  into  the  side  of  the  sternum 
opposite  the  fifth  and  sixth  cartilages ;  the  innermost  portion  of 
the  muscle  is  prolonged  downwards  over  the  lower  part  of  the 
greater  pectoral,  and  ends  in  the  aponeurosis  of  the  external 
oblique  muscle  of  the  abdomen. 

The  abnormal  muscle  lies  on  the  sternum  and  costal  cartilages, 
and  has  only  a  few  of  the  deeper  fibres  of  the  greater  pectoral 
beneath  it.  Above,  on  the  outer  edge,  some  muscular  fibres 
came  off  from  the  musculus  sternalis,  and  passing  outwards 
form  part  of  the  greater  pectoral  muscle. 

The  nerve  supplying  the  muscle  enters  its  under  surface  about 
half-way  down  the  muscle ;  it  can  be  traced  outwards  through 
a  cellular  interval  in  the  greater  pectoral,  over  the  pectoral  is 
minor,  to  its  upper  border,  where  it  pierces  the  costo-coracoid 
membrane,  and  joins  the  internal  anterior  thowcic  nerve.  As  it 
lies  between  the  two  pectorals  it  gives  off  a  branch  to  the  lower 
part  of  the  great  pectoral. 
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Case  II.  (fig.  2).  Ftmode  fcRtus,  Anencephalous,  with  spina 
bifida  of  cervical  and  upper  dorsal  regions,  MuactUns  stemalis 
hikUeral. 

The  two  muscles  have  a  common  origin  from  the  first  piece  of 
the  sternum,  which  is  continuous  above  with  the  sternal  portions 
of  both  sterno-mastoid  muscles.  The  left  muscle,  smaller  than 
the  right,  consists  of  a  flat  narrow  band  of  muscular  fibres,  which 
pass  down  from  the  common  origin  to  be  inserted  into  the  third 
left  costal  cartilage  and  side  of  the  sternum.  At  its  insertion  it 
is  covered  by  the  fibres  of  the  lower  segment  of  the  greater 
pectoral  The  right  muscle  is  large  and  flat,  and,  besides  the 
origin  common  to  it  and  its  fellow,  is  attached  to  the  sternum 
opposite  the  second  and  third  costal  cartilages.  It  divides  into 
three  sets  of  muscular  fibres — the  outer  inserted  into  the  upper 
border  of  the  lower  segment  of  the  pectoralis  major,  the  middle 
continuous  with  the  fibres  of  that  muscle,  and  the  inner  inserted 
into  the  lower  end  of  the  sternum  and  upper  part  of  the  ensi- 
form  cartilage.  On  both  sides  a  triangular  portion  of  the  greater 
pectoral  is  absent ;  the  spaces  thus  left  are  partly  covered  by  the 
abnormal  muscles.  This  space  is  longer  on  the  left  than  the 
right  side.  In  this  foetus,  owing^  to.  its  very  friable  condition,  I 
was  unable  satisfactorily  to  trace  the  nerve-supply  of  these 
anomalous  muscles,  but  am  inclined  to  believe  that  the  nerve- 
supply  comes  from  the  anterior  thoracic,  as  on  each  side  I  traced 
a  branch  from  the  anterior  thoracic  over  the  lesser  pectoral  to 
the  triangular  interval  between  the  two  segments  of  the  great 
pectoral,  but  there  I  lost  it. 

Case  III.  (fig.  3). — Female  fcstus,  AneTicephalous  with  spina 
bifida  of  cerv^ical  region,    Muscvlus  stemalis  unilateral.    Left  side. 

In  this  case  the  abnormal  muscle  consists  of  a  small  fusiform 
slip  which  arises  from  the  sternum  opposite  the  second  costal 
cartilage  by  a  thin  aponeurosis,  passes  down  over  the  left  greater 
pectoral  a  little  outside  the  sternum,  and  finally  expands  into  a 
broad  aponeurosis,  which  blends  with  the  fascia  over  the  external 
abdominal  oblique.  It  receives  its  nerve  supply  from  two 
sources.  The  larger  nerve,  which  enters  the  middle  of  the 
muscle,  can  be  traced  through  the  greater  pectoral  over  the 
lesser  pectoral,  and  through  the  costo-coracoid  membrane  to  the 
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internal  anterior  thoracic.  The  smaller  enters  the  muscle  nearer 
its  upper  end,  and  can  be  traced  through  the  intercostal  space  to 
the  third  intercostal  nerve.  Both  nerves  supply  the  muscle  from 
its  deep  surface.  This  is  the  only  case  where  a  branch  ^rom  the 
intercostal  could  be  traced  to  the  muscle  itself.  In  several  of 
the  other  cases  the  intercostal  nerves  pierced  the  muscle,  but 
gave  no  branches  to  it.  No  portion  of  the  greater  pectoral  is 
absent  in  this  case. 

Case  IV.  (fig.  4). — Male  fxhis.  Aneneqthalous  wUh  spina 
bifida  of  cervical  region,     Musculus  stemalis  unilateral.     Left. 

The  abnormal  muscle  in  this  foetus  is  of  large  size,  flat  and 
triangular,  arises  by  a  tendon  from  the  manubrium,  in  common 
with  the  upper  sternal  portion  of  the  right  pectoralis  major  and 
the  sternal  portion  of  the  left  sterno-mastoid  with  which  its  left 
border  is  continuous.  As  it  passes  down  to  the  left  it  soon  ex- 
pands into  a  broad  muscle  which  is  inserted  into  the  third 
costal  cartilage.  At  its  insertion  it  is  covered  by  the  fibres  of 
the  pectoralis  major.  Its  inner  edge  is  prolonged  downwards 
over  the  lower  portion  of  the  last  mentioned  muscle.  On  the 
left  side  a  triangular  portion  of  the  pectoralis  major  muscle, 
arising  from  the  upper  part  of  the  sternum  and  costal  cartilages 
of  the  second  and  third  ribs,  is  wanting,  the  space  left  being 
partly  covered  by  the  musculus  sternalis. 

The  nerve  supplying  the  muscle  can  be  seen  crossing  the 
triangular  interval,  and  can  be  traced,  as  in  the  other  cases,  to 
the  anterior  thoracic. 

Cask  V.  (fig.  5). — Female  fostvs,  Anencephalous  in  spina 
bifida.    Musculvs  stemalis  bilateral. 

Both  muscles  arise  in  common  with  the  upper  sternal  fibres  of 
the  pectoralis  major  from  the  manubrium,  and  diverge  from  each 
other  as  they  descend. 

The  left  muscle  passes  down  over  the  sternum  and  left  costal 
cartilage,  and  is  inserted  into  the  fourth  costal  cartilage  near  the 
sternum.  It  is  a  flat  triangular  muscle  of  considerable  size. 
Continuous  with  its  lower  fibres,  and  running  along  its  inner 
edge,  is  a  small  muscular  slip  which  has  an  attachment  above  by 
a  round  tendon  to  the  middle  of  the  sternum,  passes  over  the 


MUSCULUS   STERNALIS  IN   AN£NC£PHALOUS  MONSTEBS.       317 

lower  part  of  the  greater  pectoral,  aod  is  inserted  into  the  fascia 
cov^ering  that  muscle.  A  large  portion  of  the  central  part  of  the 
pectoralis  major  is  absent,  the  space  left,  as  in  the  other  cases, 
being  partly  covered  by  the  abnormal  muscle.  The  nerve  supply- 
ing  the  muscle  crosses  this  vacant  interval,  and  can  be  traced,  as 
in  the  other  cases,  to  the  internal  anterior  thoracic. 

The  right  muscle  goes  down  and  out  from  the  common  origin, 
and  soon  divides  into  two  slips,  the  outer  of  which,  after  piercing 
some  fibres  of  the  greater  pectoral,  is  lost  in  the  fascia  covering 
that  muscle.  The  inner  slip  coutmues  down  immediately  to  the 
right  of  the  sternum,  and  ends  in  a  tendinous  expansion  which 
is  inserted  into  the  fascia  of  the  lower  part  of  the  pectoral 
muscle.  On  this  side  also  the  portion  of  the  great  pectoral  is 
deficient  which  arises  from  the  second  and  third  costal  cartilages 
and  the  corresponding  portion  of  the  sternum.  The  nerve  can 
be  traced  crossing  the  triangular  interval,  and  under  the  upper 
s^ment  of  the  greater  pectoral  to  join  the  anterior  thoracic  above 
the  lesser  pectoral. 

Case  VI.  (fig.  6). — Female  fcetus,  AneTicejjhfdous  vrith  spina 
bifida  of  cervical  and  upper  dorsal  regions.  Muscvlvs  sternalis 
bilateral. 

The  muscles  of  the  two  sides  have  a  common  origin  from  the 
manubrium. 

The  rigJU  muscle,  triangular  in  shape,  is  the  larger.  It  soon 
becomes  muscular,  crosses  the  triangular  interval  caused  by 
absence  of  a  portion  of  the  great  pectoral,  and  is  inserted  by 
muscular  fibres  into  the  upper  border  of  the  lower  segment  of 
the  greater  pectoral,  and  also  into  tlie  sternum  opposite  the 
fourth  costal  cartilage.  Some  of  its  fibres  pass  over  the  pectoral 
muscle  and  blend  with  it.  As  in  the  other  cases,  it  is  supplied 
by  a  branch  from  the  internal  anterior  thoracic  nerve,  which 
reaches  the  muscle  in  the  usual  way. 

The  left  muscle  divides  into  two  portions,  the  outer  of  which 
is  the  larger,  flat  and  ribbon-shaped,  passes  down  over  the 
triangular  interval  between  the  upper  and  lower  segment  of  the 
greater  pectoral,  and  is  inserted  into  the  third  costal  cartilage ; 
the  inner  portion  has  an  additional  origin  from  the  second  piece 
of  the  sternum.     It  continues  down,  over,  and  to  the  left  side  of 
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the  sternum,  developing  into  a  fusiform-shaped  muscle,  which 
ends  by  dividing  into  two  tendinous  slips,  one  of  which  is 
inserted  into  the  lower  end  of  the  sternum,  and  the  other  into 
the  fascia  covering  the  pectoralis  major.  The  nervensupplj  is,  as 
in  the  other  cases,  furnished  by  a  branch  from  the  internal 
anterior  thoracic  nerve,  which  joins  the  deep  surface  of  the 
muscle  after  pursuing  the  usual  course  across  the  lesser  pectoral 
and  vacant  interval  between  the  two  parts  of  the  greater 
pectoral  In  its  course  a  small  branch  is  given  off,  which  goes 
to  the  lower  part  of  the  greater  pectoral 

On  each  side  there  is^  a  deficiency  of  the  great  pectoral,  a 
triangular  portion  arising  from  the  second  and  third  costal 
cartilages  being  absent.  The  interval  is  larger  on  the  right 
than  the  left  side,  and  on  each  side  is  partially  covered  by  the 
abnormal  muscle. 

In  this  foetus  on  the  right  side  the  platysma  myoides  is 
strongly  developed,  continues  over  the  clavicle,  and  reaches  for 
some  distance  below  it.  It  is  a  well-developed  muscle,  and  is 
separated  from  the  musculus  sternalis  of  that  side  by  fascia  and 
a  thick  layer  of  adipose  tissue,  so  that  it  is  on  a  plane  quite 
superficial  to  the  musculus  sternalis. 

Note, — I  have,  in  adults,  only  seen  the  musculus  sternalis  three 
times  ^  in  three  hundred  subjects.  Some  cases,  no  doubt,  escaped 
my  notice,  owing  to  the  majority  of  the  subjects  having  been 
injected  through  the  heart,  and,  in  consequence,  the  sternum 
having  been  sawn  through  the  centre.  In  all  the  cases  seen  the 
muscle  was  well  developed.  In  one  case  it  was  continuous 
above  with  the  opposite  sterno-mastoid,  and  below  was  attached 
to  the  cartilage  of  the  fifth  rib.  In  the  second  case  it  arose 
from  the  second  costal  cartilage,  and  passed  down  over  the 
pectoral  muscle,  and  ended  by  being  inserted  into  the  fascia 
covering  that  muscle.  Some  of  its  upper  fibres  intermingled 
with  those  of  the  platysma  myoides.    The  subject  was  very  thin. 

In  the  third  case  the  muscle  was  attached  above  and  below  to 
the  fascia  covering  the  greater  pectoral  All  three  muscles 
occurred  in  males.  Two  of  the  muscles  were  on  the  left  side 
and  one  on  the  right. 

1  AnnaU  of  Anatomy  and  Surgery^  1881-83. 
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EXPLANATION  OF  PLATE  XV. 

Fig.  1.  Left  mnsculus  ^temalis,  ariaing  from  the  first  piece  of 
sternum,  and  continuous  with  the  stemo-mastoids,  inserted  into  the 
fourth  costal  cartilage  and  side  of  sternum — a  portion  continuous 
with  the  left  pectoral    Nerve^upply  from  anterior  thoracic.    (Female.) 

Fig.  2.  Double  sternalis  muscle,  arising  from  manubrium,  and,  in 
common  with  upper  fibres  of  great  pectoral  and  sterno-mastoid,  inserted 
on  right  side  into  sternum  and  great  pectoral,  on  left  into  third  costal 
cartilage.  Sternal  and  costal  origins  of  both  greater  pectorals  defec- 
tive.    (Female.) 

Fig.  3.  A  slender  left  musculus  sternalis,  arising  from  sternum 
opposite  second  costal  cartilage,  and  inserted  into  the  aponeurosis  of 
external  abdominal  oblique.  Supplied  by  a  branch  from  anterior 
thoracic  nerve  and  intercostal     (Femala) 

Fig.  4.  Left  musculus  sternalis,  arisiag  from  manubrium,  in 
common  with  stemo-mastoid  and  upper  fibres  of  greater  pectoral 
inserted  into  third  costal  cartilage.  Nerve-supply  from  anterior 
thoracic.     Left  pectoralis  mtgor  deficient  in  central  part.     (Male.) 

Fig.  5.  Double  musculus  stemaUs,  arising  from  manubrium,  with 
upper  fibres  of  greater  pectoral  on  right  side.  Two  slips  piercing 
pectoral  muscle,  and  inserted  into  aponeurosis  covering  that  muscle. 
Muscle  on  left  side  inserted  into  fourth  costal  cartilage.  Nerve-supply 
from  anterior  thoracic  on  both  sides.     (Female.) 

Fig.  6.  Double  musculus  steroalis,  arising  from  manubrium.    Right 

^  aide  flat  muscle  inserted  into  greater  pectorcd  and  sternum.     Left  side, 

,     two  slips — one  inserted  into  third  costal  cartilage,  and  other  into 

aponeurosis  of  greater  pectoraL     Nerve-supply  from  anterior  thoracic 

on  both  sides.     Both  greater  pectorals  defective.     (Female.) 


THE   VENOUS  SYSTEM  OF  THE  BLADDER  AND  ITS 
.     SURROUNDINGS.      By  E.  Hurey   Fenwick,  F.RC.S. 
Eng.,  Assistant  Surgeon  to  the  London  HospUal,  Surgeon  to 
St  Peter's  Hospital  for  Stone,  &e.    (Plate  XVI.) 

It  is  generally  admitted  that  our  knowledge  of  the  venous 
system  is  neither  so  accurate  nor  so  complete  as  that  of  the 
arterial 

This  deficiency  is  doubtless  due  to  the  greater  difficulty  ex- 
perienced in  the  injection  and  dissection  of  the  veins,  and  the 
much  greater  diversity  observed  in  their  form,  arrangement,  and 
course.  No  part  of  the  venous  system,  however,  can  vie  with 
the  pelvic  plexuses  in  the  many  obstacles  which  have  to  be  over- 
come before  a  complete  injection  is  attained,  for  the  anastomoses 
of  their  constituent  veins  are  manifold,  the  gas  produced  in  them 
is  difficult  to  contend  with,  and  the  valvular  impediments  found 
in  them  are  great.  These  same  plexuses  are  also  unrivalled  for 
real  difficulty  of  venous  dissection.  This  fact  is  readily  appre- 
ciated, if  we  consider  the  extreme  delicacy  of  their  walls,  the  lack 
of  a  firm  support,  the  minute  calibre  of  their  smallest  veins,  and 
the  fineness  and  intricacy  of  their  mesh. 

Of  the  vesico-prostatic  plexus,  the  celebrated  anatomist  J. 
Hyrtl  has  said — "  Preparations  of  the  venous  plexuses  of  San- 
torini  belong  to  the  curiosities  of  an  anatomical  museum  "  (J. 
Hyrtl,  ffa7idbuch  der  prak  Zergliederungskunst,  p.  734). 

It  is  upon  this  plexus — the  vesico-prostatic — that  the  writer 
has  more  especially  concentrated  his  attention,  for  the  mere 
anatomical  knowledge  of  the  other  pelvic  plexuses  is  accurate — 
here  only  is  it  fallacious.  The  inexactness  of  our  knowledge,  as 
exemplified  in  the  dififerences  which  may  be  observed  in  the 
various  pictures  of  this  plexus,  can  be  accounted  for,  and  will  be 
reverted  to  immediately.  A  more  important  point  than  the 
normal  course  of  the  veins  has,  however,  to  be  introduced. 

The  laws  of  the  directions  of  the  venous  currents  through  this 
and  the  other  pelvic  plexuses,  as  established  by  due  considera- 
tion of  the  direction  and  position  of  the  innumerable  valves 
found  therein,  have  never  been  laid  down.     As  far  as  the  writer 
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caa  ascertain,  the  subject  has  been  entirely  overlooked,  and  the 
real  value  and  influence  which  these  current-regulators  neces- 
sarily exert  upon  a  part,  through  which  large  quantities  of  blood 
are  momentarily  passing,  from  which  masses  of  blood  are  being 
frequently  and  suddenly  displaced  by  the  action  of  the  viscera, 
has  neither  been  justly  estimated  nor  rightly  appreciated.  It  is 
in  the  expectation  of  giving  wider  publicity  to  the  subject,  and 
thereby  of  gaining  greater  criticism,  that  the  writer  has  ventured 
to  publish  briefly  the  results  of  a  careful  dissection  of  over  fifty 
subjects  only  the  normal  anatomy  being  embodied  in  this  paper. 
In  the  investigation  of  the  valves  three  points  are  to  be 
insisted  on. 

1.  No  solid  injection  can  be  used. 

2.  Subjects  should  not  be  cboseo  above  twenty-five  years 

of  age. 

3.  The  veins  must  be  slit  up,  to  prove  beyond  doubt 

the  existence  and  position  of  the  valves. 

1.  It  is  absolutely  impossible  to  ascertain  the  existence  of 
valves  in  the  veins,  if  any  solid  injection  is  thrown  into  them. 
To  dissect  uninjected  veins  necessarily  increases  the  difiiculty  of 
investigation,  but  it  is  the  only  course  adaptable. 

2.  Only  young  bodies  can  be  used.  This  is  a  point  of  para- 
mount importance.  The  advice  given  by  Lenhossek  is  not  good. 
He  says — "  To  exhibit  the  venous  system  of  the  pelvis  take  a 
very  old  corpse  because  in  it  the  veins  are  varicosed "  ^  (they 
are  easier  to  inject). 

It  is  to  the  fact  that  for  greater  ease  in  preparation,  bodies 
with  such  varicosity  of  the  veins  have  been  selected,  injected, 
and  depicted,  that  we  owe  our  mistaken  belief  in  the  normality 
of  that  marked  diversity  thus  observed  in  the  form  and  arrange- 
ment of  the  vesico-prostatic  plexus. 

It  will  be  found,  however,  that  in  subjects  from  the  seventh 
month  of  intra-uterine  life  to  the  age  of  twenty-five,  one  broad 
type  is  clearly  marked.  Divergencies  therefrom  are  few  and 
trifling.  After  the  latter  age  pathological  changes  may  set  in, 
greater  stress  may  be  thrown  upon  one  or  more  particular  points 
in  the  plexuses,  involving  enlargement  of  pre-existing  venules 

'         ^  Lenhossek,  Da^  Vend$e  ConvohU  der  BcckenhohU  beim  Manne,  1871. 
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or  even  the  formation  of  new  venous  channels,  and  the  resulting 
venous  plexus  differs  greatly  from  the  normal  arrangement. 

3.  A  slight  change  of  contour  in  the  vein  often  simalates  a 
valve;  it  is  necessary,  therefore,  when  valves  are  apparently  found, 
to  slit  up  the  vein  and  confirm  its  presenca  This  is  a  rule  re- 
flect! og  some  criticism  upon  the  work  of  M.  Houz4  de  TAulDoit 
{Iteeherdiei  anatomiqties — sur  Us  valmUes  des  veines,  Paris  1864), 
the  author  who  pointed  out  that  valves  exist  in  the  veins  at  the 
base  of  the  bladder.  He  describes  his  method  of  ascertaining 
the  presence  of  a  valve  thus : — *'  If  I  could  not  see  the  valves  I 
could  alwajTS  throw  them  into  bold  relief  by  a  little  pressure  of 
the  finger  along  the  vein  "  (i.e.,  by  driving  the  contained  blood 
against  the  valve).  This  method  is  not  only  crude,  but  extremely 
misleading,  for  often  small  blood  clots  will  so  block  the  finer 
veins  as  to  simulate  valves  most  markedly. 

Method  of  Dissection. 

My  earlier  dissections  were  all  made  after  the  venous  plexuses 
had  been  inflated,  the  knife  cleaning  the  tense  veins  with  cer- 
tainty and  ease.  Coloured  fluids  were  then  thrown  in,  in  a 
direction,  which,  in  the  living  subject  would  be  opposed  to  the 
normal  venous  current.  The  valves  were  easily  seen  through 
the  thin-walled  veins  pouched  by  the  force  of  the  fluid.  Their 
situation  was  then  marked  upon  a  plan  previously  taken  of  the 
dissection.  Much  labour  was  thus  expended,  each  vesico-pro- 
static  plexus  and  its  connection  often  demanding  more  than  a 
week's  continuous  work.  I  soon  found  it  to  be  a  quicker 
method  to  dissect  out  a  small  tract  of  a  vein  at  a  time,  to  clamp 
each  end  of  the  exposed  piece,  to  make  a  diagram  of  it,  and  to 
inject  it  with  fluid  coloured  with  Berlin  blue.  If  the  injection 
was  suddenly  arrested,  and  a  corresponding  swelling  at  the  site 
of  the  obstruction  was  observed,  the  vein  was  incised  over  the 
obstruction,  and  generally  a  valve  exposed.  It  was  then  de- 
picted. 

For  injecting  the  larger  veins  an  ordinary  Pravaz  syringe  with 
a  small  nozzle  was  used,  but  in  the  smaller,  especially  those  in 
the  intra-uterine  subjects  and  in  those  of  early  childhood,  the 
finest  capillary  glass  tubes   were  absolutely  necessary.    The 
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greater  part  of  the  dissectioa  of  the  finer  meshes  on  the  bladder 
had  to  be  performed  in  direct  sunlight 


Besults. 

Consideration  of  the  Valvular  Arrangement  of  the  Pelvic 
Venous  System  as  a  whole. — ^The  venous  bed  in  the  pelvis,  and 
the  numerous  tributary  veins  which  enter  it  from  below»  may  be 
roughly  compared  to  a  room  with  many  approach-passages  and 
with  only  one  exit,  the  doors  of  these  approach-passages  opening 
inwards,  permitting  ingress,  but  preventing  egress. 

All  the  many  veins  which  converge  from  the  buttocks, 
genitals,  and  lower  extremities  to  the  pelvis,  be  it  to  the  true  or 
false  divisions  of  that  cavity,  are  valved  at  their  entrance  into  it 
These  valves — some  of  the  veins  have  two  or  even  three  sets — 
allow  the  venous  blood  to  flow  freely  into  the  abdomen,  but 
prevent  its  escape  therefrom.  Hence  the  abdomino-pelvic 
venous  blood-pressure  is  entirely  shut  off  from  that  of  the  lower 
extremities  and  genitals.  The  accuracy  of  closure  and  the  con- 
stancy of  position  of  these  entrance-valves  is  most  striking. 

Prostatic  System. 

The  large  dorsal  vein  of  the  penis  which  runs  in  the  median 
groove  of  that  organ  is  valved,  often  trebly  so,  just  in  front  of 
the  sub-pubic  ligament. 

After  passing  backwards  beneath  this  structure  it  splits  into 
two  parts  which  clothe  the  sides  of  the  prostate.  Here  it  forms, 
with  veins  from  the  prostate  and  other  tributaries,  the  laby- 
rinthvs  venosus  of  Santorini.^  The  veins  from  this  plexus  or 
labyrinth  travel  backwards,  receiving  in  their  course  veins  from 
the  sides  and  base  of  the  bladder,  and  peri-rectal  cellular  tissue, 
and  finally  empty  themselves  into  the  internal  iliac  veins. 

Valves. 

Valves  are  present  in  all  parts  of  this  labyrinth  of  Santorini, 
or,  as  we  shall  term  it,  the  vesico-prostatic  plexus,  from   its 

*  SaDtorini,  Ohservat.^  p.  194. 
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commencement  at  the  pubic  arch  to  its  termination  in  the  in- 
ternal iliac  vein.  These  valves  are  in  three  groups.  One  group 
is  found  just  behind  the  pubes,  ix,,  at  the  commencement  of  the 
tract ;  another,  a  very  constant  and  strongly  made  set,  is  placed 
at  the  termination  of  the  tract  guarding  reflux  from  the  internal 
iliac  vein ;  a  third  set,  less  constant  and  apt  to  degenerate,  is 
placed  about  the  middle  of  the  tract. 

I  would  here  briefly  describe  a  valvular  arrangement  adjuvant 
to  the  post-pubic  set  of  valves,  which  varies  in  strength  accord- 
ing to  the  muscular  development  of  the  bladder. 

Passing  from  the  anterior  and  inferior  surface  of  the  bladder 
over  the  upper  and  anterior  surfaces  of  the  prostate  are  two 
thin  muscles,  the  bundles  of  which  seem  to  be  generally  in  direct 
continuity  with  the  anterior  longitudinal  fibres  of  the  bladder. 
After  crossing  the  various  veins  found  on  the  prostate,  i.e.,  the 
post-pubic  part  of  the  vesico-prostatic  plexus,  each  slip  goes 
partly  to  be  inserted  into  the  pubes,  beneath  and  outside  the 
pubo-prostatic  ligaments,  and  partly  to  blend  with  the  inner- 
most fibres  of  the  anterior  margin  of  the  levator  ani  muscle  of 
the  corresponding  side. 

On  contraction  of  the  bladder,  each  plexus  is  compressed  by 
the  simultaneous  contraction  of  this  cross  muscle,  and  hence  re- 
gurgitation of  the  blood  from  the  anterior  inferior  zone  of  the 
bladder,  which  is  valveless,  and  from  the  rest  of  the  plexus,  now 
over-distended  with  the  blood  expressed  into  it  by  the  contract- 
ing vesical  wall,  is  prevented.  We  have  as  yet  found  no  record 
of  these — "  the  tourniquet  muscles,"  as  we  may  call  them. 

Tributaries  of  the  Vesico-Prostatic  Plexus. 

Numerous  veins  enter  this  plexus — coming  from  the  bladder, 
vesiculai  seminales,  ureter,  prostate,  pubes,  peri-rectal  tissue, 
and  anus. 

With  few  exceptions  every  vein  is  valved  at  its  entrance — 
often  doubly  valved.  The  plexus  then  is  a  large  venous  high- 
way— the  many  paths  leading  into  which  permit  of  no  backward 
passage — the  blood  passing  of  necessity  directly  into  the 
inferior  vena  cava  without  attempting  a  circuitous  route. 

(a)  With  the  exception  of  the  anterior  inferior  zone  of  the 
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bladder,  to  be  referred  to  immediately,  most  of  the  veins  at  the 
sides  and  base  of  that  viscus  are  valvud  at  their  entraDce  into 
the  vesico-prostatic  plexus. 

(h)  The  branch  from  the  pudic  vein  and  those  from  the 
peri-rectal  veins  are  all  powerfully  valved.  This  fact  is  in  direct 
opposition  to  the  view  generally  taught,  that  the  rectum  can 
normally  serve  as  a  venous  diverticulum  to  the  bladder  and 
prostate. 

(c)  Veins  from  the  prostate  gland  entering  the  vesico-prostatic 
plexus  are  either  valved  or  enter  so  obliquely  from  before  back- 
wards that  their  orifices  guard  them  to  a  great  degree  from 
backward  pressure. 

Vesical  Plexus, 

This  is,  of  all  others,  the  most  interesting,  as  it  is,  of  all 
others,  the  most  complete.  There  are  three  venous  meshes — 
the  submucous  net  (quite  un valved),  the  muscular,  and  the 
subperitoneal,  both  most  carefully  and  intricately  valved. 

live  Subperitoneal. — As  regards  their  arrangement,  it  will  be 
seen  that  the  veins  here  have  a  very  characteristic  and  purpose- 
ful course.  On  the  anterior  surface  of  the  bladder  a  vertical 
vein  commences  at  the  summit,  and  after  traversing  the  upper 
two-thirds,  and  draining  it  to  that  extent,  it  bifurcates.  Each  of 
the  veins  thus  formed  sweeps  obliquely  round  the  lateral 
surfaces  of  the  bladder  to  empty  itself  more  posteriorly  into  the 
vesico-prostatic  plexus.  We  have  named  it  the  inverted  Y- 
shaped  vein.  Thus,  venous  blood,  from  the  entire  upper  twu- 
thirds  of  the  anterior  surface,  is  forced  on  contraction — not  into 
the  plexus  behind  the  pubes  to  arrest  there  the  inrushing  blood 
from  the  penis — but  posteriorly  and  obliquely  towards  the  ter- 
mination of  the  plexus.  The  anterior  inferior  one-third  of  the 
bladder  is  drained  by  minute  valveles3  veins  into  the  post-pubic 
part  of  the  plexus. 

The  veins  from  the  lateral,  posterior,  and  inferior  parts  of  the 
bladder  all  open  towards  the  posterior  inferior  angle  of  that 
viscus  into  the  termination  of  the  plexus,  and  all  the  veins 
here  are  stoutly  guarded. 

The  veins  on  the  posterior  surface  consist  in  two  laterally 
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vertical  veiiis,  which  are  united  by  a  cross  branch.    Their  form 
thus  resembles  the  capital  letter  H. 

In  describing  the  many  valves  found  in  the  subperitoneal  and 
muscular  meshes,  the  bladder  may  be  conveniently  divided  into 
three  zones — a  superior,  middle,  and  inferior.  These  zones  are 
again  subdivided  into  anterior,  lateral,  and  posterior  divisions. 

It  will  be  found  that  in  the  normal  bladder  each  of  these 
zones  (with  the  exception  of  the  lower  part  of  the  anterior 
inferior  zone)  contains  many  valves,  the  constancy  and  strength 
of  which  is  remarkable. 

So  evident  is  the  design  of  directing  the  blood  towards  the 
posterior  inferior  angle — so  carefully  has  venous  pressure  been 
minimised  by  the  valves — that  even  the  veins  of  the  fat  and 
cellular  tissue  which  commonly  surround  and  accompany  the 
urachus  to  the  umbilicus,  are  doubly,  often  trebly,  valved — 
though  here  most  minute — and  the  valves  are  so  placed  that 
they  direct  the  blood  from  the  region  of  the  umbilicus  into  the 
valved  H  or  inverted  Y  veins  just  described,  and  thence  into  the 
internal  iliac  vein. 

The  veins  from  the  base  include  those  from  the  third  lobe  of 
the  prostate, — the  vesiculae  seminales,  the  ampullae  of  the  vasa 
deferentia, — and  pass  for  the  greater  part  into  the  termination 
of  the  vesico-prostatic  plexus,  just  before  it  empties  itself 
into  the  internal  iliac  vein.    They  all  are  strongly  valved. 

The  veins  from  the  lower  third  of  the  ureter  enter  with  the 
above,  and  are  similarly  strongly  valved. 

Thz  Pvdic  Vein, 

This  has  exactly  the  same  valvular  disposition  which  the 
writer  proved  as  existing  in  the  deep  epigastric,  and  in  every 
intercostal  vein  (BrauDe  and  Fenwick,  Die  Venen  der  vorderen 
Rumpfwand  des  Menschen,  1884). 

There  are  three  divisions — an  internal  iliac,  a  perineal,  and  a 
prostatic  division.  The  middle  or  the  perineal  division  receives 
tributaries,  but,  being  valveless,  allows  the  blood  flowing  into  it 
to  pass  either  into  the  vesico-prostatic  plexus  or  into  the  internal 
iliac  vein.  Both  the  prostatic  and  internal  iliac  sections  are 
valved  at  their  terminations  so  as  to  prevent  blood  regurgitating 
into  the  pudic  tract. 
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The  internal  iliac  veins  are  formed  by  the  fusion  of  several 
veins — gluteal,  sacral,  sciatic,  obturator  veins,  and  the  vesico- 
prostatic  plexus — all  of  which,  except  the  tributary  from  the 
sacral  plexus,  are  accurately  valved. 

A  full  account  of  the  work  will  shortly  be  published ;  but 
from  the  above  superficial  description  it  will  easily  be  appreciated 
how  designedly  and  carefully  the  veins  of  the  pelvis  have  been 
valved,  and  in  such  a  manner  as  to  reduce,  in  so  far  as  is  possible, 
the  liability  to  congestion  to  which  this,  "  the  venous  province 
par  excellence/'  as  Luschka  calls  it,  must  necessarily  be 
exposed. 


EXPLANATION  OF  PLATE  XVL 

Fig,  1.  Male,  ict.  8.  Right  lateral  aspect  of  bladder  to  show  right 
postero-lateral  angla  P,  prostate ;  D,  spot  where  water  is  found ; 
E,  F,  G,  veins  to  enter  last  part  of  vesico-prostate  plexus. 

Fig.  2.  Same  bladder.  P,  prostate :  N,  vesico-prostatic  plexus ; 
M,  venous  branch  displaced  somewhat  downwards,  receiving  h\oo  i 
from  peri-roctal  tissue,  and  anastomosing  with  hsemorrhoitlal  vein  ; 
R,  L,  O  mark  similar  branches ;  W,  branch  from  internal  pudic. 

Fig.  3.  Right  postero-lateral  angle  of  bladder  of  male,  set.  29. 
U,  ureter j  E,  F,  G,  S,  circumuretral  ring  of  veins;  E,  vein  from  base 
of  bladder  ;  B,  uretral  vein. 

Fig.  4.  Eight  lateral  aspect  of  bladder  of  male,  ait.  38  (many  valves 
atrophied).  P,  prostate ;  A,  veins  from  perianal  ring,  extending  from 
A  upwards  to  vesico-prostatic  plexus,  is  a  pouched,  valved  vein; 
R,  termination  of  internal  pudic;  R,  S,  inferior  haemorrhoidal 
branches ;  E,  branch  from  bulb ;  D,  D',  peri-rectal  veins ;  F,  F',  mid- 
pi  exial  valves,  G,  isolated  post-pubic  valve;  M,  N,  N',  terminal 
valves  ;  I,  L,  internal  iliac. 

Fig.  5.  Bladder  of  male,  aet.  75,  P,  prostate,  with  contracted 
orifice  of  urethra,  c  ;  M,  the  tourniquet  muscles  cleaned  as  they  cross 
the  plexus ;  C,  D,  E,  the  inverted  Y  vein. 

The  diagram  shows  the  antero-inferior  zone  valveless. 


VOL.  XIX 


NOTES  ON  SOME  UNUSUAL  VARIATIONS  IN  HUMAN 
ANATOMY.  By  Arthur  Thomson,  M.B.,  Demonstrator  of 
A7iat07iiy,  University  of  Edinburgh. 

I.  Vascular. 

1.  Com  of  origin  of  the  superior  thyroid,  U'ogual  and  facial 
from  the  common  carotid  by  a  common  trunk. — The  commou 
trunk  of  these  different  vessels  arose  from  the  common  carotid, 
a  little  above  the  level  of  the  lower  border  of  the  thyroid  carti- 
lage, three-quarters  of  an  inch  below  the  level  of  the  division  of 
the  common  carotid  into  internal  carotid,  and  the  trunk  which 
gave  origin  to  the  remaining  branches  of  the  external  carotid. 

The  branches  were  arranged  as  follows  : — 

{a)  Immediately  after  its  origin  it  gave  off  the  superior 
thyroid,  which,  passing  transversely  under  the  anterior  belly 
of  the  omo-hyoid  and  sterno-hyoid,  supplied  these  muscles  as 
well  as  the  thyro-hyoid.  Continuing  downward,  under  cover 
of  the  ster no-thyroid,  it  was  distributed  to  the  thyroid  body. 

(b)  The  superior  laryngeal  artery  passed  inwards,  forwards, 
and  upwards  over  the  inferior  constrictor,  and  beneath  the 
sterno-hyoid  and  thyro-hyoid  to  the  upper  border  of  the  thyroid 
cartilage,  at  which  point  it  pierced  the  thyro-hyoid  membrane. 

(c)  About  three-quarters  of  an  inch  above  its  origin,  the  trunk 
common  to  these  vessels  then  divided  into  the  lingual  and  facial 
arteries,  this  point  corresponding  to  the  level  at  which  the 
common  carotid  usually  bifurcates. 

The  lingual  artery  passed  upwards  and  forwards  towards  the 
great  comu  of  the  hyoid  bone.  In  this  part  of  its  course  it  lay 
upon  the  inferior  and  middle  constrictor  muscles,  separated 
from  the  former  by  the  superior  laryngeal  nerve.  At  the  great 
cornu  of  the  hyoid  bone  the  artery  then  passed  forward  parallel 
to  the  upper  border  of  the  bone,  at  first  lying  superficially  upon 
the  surface  of  the  hyo-glossus,  but  ultimately  piercing  its  fibres 
to  assume  a  normal  position.  In  its  course  the  artery  did  not 
come  into  relation  with  the  ninth  nerve  until  it  lay  on  the  surface 
of  the  genio-hyo-glossus,  anterior  to  the  anterior  border  of  the 
hyo-glossus. 
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(d)  As  the  facial  passed  upward  it  lay  superficial  to  the 
external  carotid  artery,  bat  separated  from  it  by  the  inferior 
palatine  artery,  which  in  this  case  was  derived  from  the  external 
carotid;  prior  to  passing  beneath  the  posterior  belly  of  the 
digastric  and  stylo-hyoid  it  was  crossed  by  the  ninth  nerve. 

Its  subsequent  course  was  normal. 

It  did  not  give  off  the  inferior  palatine  artery,  and  no  trace 
could  be  found  of  its  tonsillar  branch. 

The  ascending  part  of  the  external  carotid  was  normal,  in  so 
far  as  it  sprang  from  a  trunk  which  commenced  at  and  occupied 
the  normal  position  of  the  external  carotid  artery,  as  usually 
described.  This  branch,  entering  the  substance  of  the  parotid 
gland,  divided  into  internal  maxillary  aud  temporal  arteries. 

Instances  of  such  a  disposition  of  these  arteries  are  rare. 
Quain's  ^  case,  figured  in  plate  xiii.  fig.  8,  differs  materially  from 
the  present,  as  in  his  case  there  is  an  entire  absence  of  the 
internal  carotid.  I  have  failed  to  find  any  record  of  a  precisely 
similar  condition. 

Surgically  the  case  is  of  importance,  as  the  operator  might  be 
thrown  off  his  guard,  and  assume  that  the  arrangement  of  the 
vessels  as  seen  in  the  dissection  was  due  to  an  unusually  low 
bifurcation  of  the  common  carotid  into  external  and  internal 
carotid  arteries. 

2.  Case  in  which  the  artery  to  the  corpus  cavemosum  penis  was 
derived  from  an  irregidar  obturator  artery. 

The  obturator  artery  arose  in  common  with  the  deep  epigastric 
artery.  The  obturator  trunk  passed  down  behind  the  horizontal 
ramus  of  the  pubes  internal  to  the  crural  ring,  aud,  reaching  the 
upper  border  of  the  thyroid  foramen,  it  then  escaped  from  the 
pelvis  over  the  margin  of  the  pelvic  fascia ;  and  on  the  removal 
of  the  obturator  extemus  muscle  and  thyroid  membrane  it  was 
seen  breaking  up  into  a  number  of  branches  on  the  superficial 
aspect  of  the  obturator  internus  muscle.  One  of  these  branches, 
passing  transversely  inwards,  pierced  the  fibres  of  the  obturator 
internus  muscle  close  to  the  descending  ramus  of  the  pubis,  and, 
becoming  encased  in  a  sheath  of  fascia  derived  from  the  parietal 

*  Quain,  Cammeniaries  of  the  Arteries,  p.  100,  pi.  xiii.  fig.  8. 
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it  split  up  into  two  portions,  one  of  which  joined  the  internal 
cutaneous  nerve,  the  other  was  distributed  to  the  skin  over  the 
iasertion  of  the  latissimns  dorsi  muscle.  On  the  left  side  of 
the  body,  just  before  this  branch  of  the  first  dorsal  nerve  entered 
the  foramen  in  the  rib,  it  was  joined  by  a  branch  from  the  second 
intercostal  nerve,  which  arose  from  that  nerve  close  to  the  pos- 
terior extremity  of  the  second  intercostal  space,  and  passed 
obliquely  upwards  and  forwards  across  the  second  rib  and  first 
intercostal  space  to  its  point  of  junction  with  the  above. 

3.  In^egularity  in  the  origin  and  nerve  supply  of  the  adductor 
longvs. 

[n  this  case  the  adductor  longus  had  a  wide  origin  extending 
along  the  ilio-pectineal  line  for  about  an  inch.  It  almost 
appeared  as  if  the  superficial  fibres  of  the  pectineus  had  become 
blended  with  the  adductor  longus. 

A  small  nerve  was  seen  to  cross  behind  the  femoral  vessels 
and  through  the  substance  of  the  pectineus  muscle,  to  which  it 
gave  branches,  and  to  end  in  the  adductor  longus.  On  being 
traced  upwards  the  nerve  was  found  to  pass  beneath  Poupart's 
ligament  external  to  the  femoral  sheath,  and  was  then  seen  to 
lie  upon  the  surface  of  the  psoas  muscle  in  very  close  relation  to 
the  tendon  of  the  psoas  parvus.  It  then  entered  the  substance 
of  the  psoas  magnus  about  2  inches  above  Poupart's  ligament, 
and  was  subsequently  found  to  be  an  offset  of  the  third  lumbar 
nerve.  In  addition,  a  large  branch  from  tho  superficial  division 
of  the  obturator  nerve  was  found  entering  the  deep  surface  of 
the  adductor  longus  muscle. 

4.  Accessory  obturator  7ierm  joined  by  h^anch  from  anterior 
ci^ral  supplying  the  adductoi*  longus. 

In  this  example  the  accessory  obturator  took  origin  from  the 
tliird  lumbar.  In  the  thigh  this  nerve  pierced  the  pectineus,  and 
provious  to  entering  the  substance  of  the  adductor  longus  muscle, 
which  it  in  part  supplied,  it  was  joined  by  a  branch  from  the 
anterior  crural  nerve,  which  reached  it  by  passing  behind  the 
femoral  vessels.  On  raising  up  the  adductor  longus  a  large 
branch  was  seen  entering  its  deep  surface  from  the  superficial 
position  of  the  obturator  nerve. 
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Three  distinct  branches  were  traced  from  the  anterior  crural 
nerve  to  the  pectineus  mnscle. 

in.  Muscular. 

Uhu82ial  insertion  of  the  brachialis  arUicus  into  the  orbicular 
ligament  and  capsule  of  the  elbow-joint. 

The  upper  and  internal  fibres  of  the  muscle  were  inserted  as 
usual  into  the  anterior  surface  of  the  coronoid  process  of  the 
ulna. 

The  fibres,  which  arose  from  the  lower  part  of  the  anterior 
surface  of  the  shaft  of  the  humerus,  and  from  the  external  inter- 
muscular septum,  were  more  oblique  in  direction,  and  lay  under 
cover  of  the  fibres  inserted  into  the  ulna. 

The  deeper  fibres  were  connected  with  a  bony  spicule  about 
1^  inch  long. 

This  process  in  its  general  appearance  resembled  the  great 
cornu  of  the  hyoid  bone.  It  lay  obliquely  on  front  of  the  joint, 
its  lower  end  being  connected  with  the  anterior  surface  of  the 
orbicular  ligament,  and  also  with  the  anterior  portion  of  the 
capsule,  which,  in  this  instance,  was  much  stronger  than  usual. 
The  upper  extremity  of  the  bony  process  lay  superficial  to  the 
coronoid  fossa. 

On  the  reflection  of  the  muscle  the  deep  surface  of  this 
osseous  style  was  concealed  by  the  tendinous  and  muscular 
fibres  inserted  into  its  deep  surface. 

The  two  insertions  of  the  muscle  were  united  by  a  tendinous 
arch,  into  which  the  intermediate  muscular  fibres  were  inserted. 

It  will  thus  be  seen  that  this  arrangement  cannot  be  classed 
in  the  variations  recorded  by  Testut,*  who  enumerates  five 
modes  of  insertion  (1)  into  the  ulua;  (2)  into  the  radius;  (3) 
into  the  tendon  of  the  biceps;  (4)  into  the  antibrachial  apo- 
neurosis; (5)  into  the  synovial  membrane  of  the  elbow-joint; 
the  latter,  according  to  Testut,  represeuting  on  the  front  of 
the  elbow  the  sub-anconeus  as  seen  posteriorly. 

*  Les  Anomalies  Miisculaires  chez  i*homm€t  page  401, 


^nEt0micaI  ftotite. 


ABSENCE  OF  EXTENSOR  CARPI  ULNARIS  AND  PRESENCE 
OF  AN  ACCESSORY  SURAL  MUSCLE.  By  Professor  W. 
Turner. 

A.  Absence  of  Extensar  Carpi  Ulnaris, 

In  the  month  of  January  1885  two  of  my  pupils — ^lessrs  T.  B. 
Whitelaw  and  R.  A.  Fleming — directed  my  attention  to  the  lef fc  fore- 
arm of  a  male  subject  which  they  were  engaged  in  dissecting.  When 
the  aponeurosis  on  the  back  of  the  fore-arm  was  reflected,  no  muscle 
was  seen  in  the  region  customarily  occupied  by  the  extensor  carpi 
ubiaris,  so  that  the  origins  of  the  extensores  secundi  internodii  and 
inJicis  were  at  once  seen.  The  aponeurosis  of  the  fore-arm,  where  it 
was  attached  to  the  posterior  border  of  the  shaft  of  the  ulna,  was 
slrpng,  and  a  narrow  band  in  this  fascia,  somewhat  stronger  and 
more  opaque  than  the  rest,  extended  longitudinally  down  the  limb 
parallel  to  the  ulna.  Immediately  above  the  styloid  process  of  tlie 
ulna,  this  band  isolated  itself  from  the  fascia,  and  entered  the  groove 
on  the  back  of  the  ulna,  in  which  the  tendon  of  the  extensor  carpi 
ulnaris  ought  to  have  been  lodged.  It  occupied  the  position  of  that 
tendon,  but  was  only  about  one-sixth  its  size,  though  the  ulnar 
groove  was  of  about  the  usual  magnitude.  It  was  contained  in  a 
compartment  under  cover  of  the  posterior  annular  ligament.  After 
emerging  from  this  groove  it  ran  downwards,  and  at  the  same  time 
became  about  twice  as  thick,  and  reached  the  base  of  the  fifth  meta- 
carpal bone,  to  which  it  was  attached.  It  also  gave  a  process  to  the 
fascia  on  the  back  of  the  carpus. 

This  arrangement  exhibited  a  condition  in  which  the  muscular  belly 
and  tendon  of  origin  of  an  important  muscle  had  not  been  developed, 
and  had  been  replaced  by  a  slender  fibrous  band,  fused  with  the 
aponeurosis  of  the  fore-arm,  but  the  tendon  of  insertion  had  been 
formed,  and  with  it  the  groove  in  the  ulna  had  been  produced.  It  is 
an  illustration  of  the  conversion  of  a  muscle  into  fibrous  tissue,  of 
which  so  many  interesting  examples  have  been  given  by  Mr  J.  Bland 
Sutton  in  the  present  number  of  this  Jowmdl, 

At  the  time  when  I  recorded  this  anomaly  in  my  dissecting-room 
notebook,  I  was  under  the  impression  that  no  similar  case  had  been 
noticed,  as  no  mention  is  made  of  such  a  specimen  by  Professor 
Macalister  in  his  important  Catalogue  of  Muscular  Anomalies,  or  by 
M.  Testut  in  his  most  valuable  work,  Les  Anomalies  Musculaires  chez 
rHommCf  published  last  year.  A  few  days  ago  I  received  from  my 
corregpondent,  Professor  Gruber  of  St  Petersburg,  a  copy  of  a  paper 
which  he  has  just  published  in  Virchow's  Archiv^  voL  xcix.  p.  478, 
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in  which  he  describes  a  specimen  almost  identical  in  its  arrange- 
ments with  the  case  above  recorded.  He  observed  it  in  February 
1883,  in  the  left  arm  of  a  man,  and  speaks  of  it  as  a  quite  new 
example  amongst  muscular  anomalies. 

B.  Presence  of  an  Accessory  Sural  Mtiscle. 

During  the  present  winter,  in  the  back  of  the  right  thigh  of  a  male 
subject  dissected  by  Mr  Frederick  Watson,  I  observed  that  the  long 
head  of  the  biceps  gave  origin  about  the  middle  of  its  fleshy  belly  to 
a  muscle,  a  little  more  than  one  inch  in  circumference.  This  accessory 
muscle  descended  superficial  to  the  internal  popliteal  nerve,  and  about 
the  level  of  the  head  of  the  tibia  terminated  in  a  slender  tendon, 
which  occupied  the  groove  between  the  two  heads  of  the  gastrocnemius, 
and  about  the  level  of  the  lower  end  of  the  fleshy  bellies  of  that 
muscle  it  began  to  fuse  with  the  posterior  aspect  of  the  gastrocneminp 
tendon,  and  ultimately  became  a  part  of  the  tendo  Achillis.  There  was 
no  corresponding  arrangement  on  the  left  side. 

This  variation,  although  very  uncommon,  is  not  so  rare  as  the  one 
first  noted  in  this  communication,  for  cases  have  been  recorded  by 
Kelch,  Wenzel  Gruber,  and  W.  D.  Ilali burton  {Jour,  of  Ariat.  a7t*f 
Phtjs,,  vol  XV.  p.  296,  1881),  which  closely  resemble  the  above 
specimen. 
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AN  ACCOUNT  OF  SOME  EECENT  EXPERIMENTS  ON 
THE  EFFECTS  OF  VERY  LOW  TEMPERATURES  ON 
THE  PUTREFACTIVE  PROCESS,  AND  ON  SOME 
VITAL  PHENENOMA.!  By  J.  J.  Coleman,  F.C.S,  F.I.C, 
and  Professor  John  G.  M'Kendrick,  M.D.,  LL.D.,  F.R.S. 

In  recent  years  many  experiments  have  been  made  as  to  the 
effects  of  high  temperatures  on  micro-organisms,  with  the  result 
of  showing  that  while  exposure  to  temperatures  of  from  122°  to 
140°  F.  kills  many  of  such  organisms,  some,  especially  the  spores 
of  bacilli,  require  exposure  to  the  heat  of  boiling  water  for  as  long 
as  half  an  hour.  It  is  stated  by  Klein  that  "  no  spores  survive 
exposure  to  a  temperature  of  120°  C."  (248°  F.).^  The  question 
naturally  arose  as  to  whether  or  not  it  might  be  possible  to 
destroy  such  organisms  by  cold,  and  various  observers  have  at- 
tempted to  answer  it.  Thus,  before  1872,  we  find  Dr  Ferdinand 
Cohn*  stating  that  he  had  subjected  bacteria  to  low  temperatures 
without  destroying  their  activity.  He  gives  the  temperatures 
as  follows : — ^Exposure  for  12  hours  30  minutes  to  a  temperature 
0°  C. ;  for  Ih.  30m.  to  -16°  C;  for  Ih.  45m.  to  -17"  C. ;  for 
3h.  30m.  to  -18°  C. ;  for  4h.  30m.  to  -18°  C,  for  5h.  to 
-17°-5  C. ;  for  6h.  to  -14°  C. ;  and  for  7h.  30m.  to  -9°  C*  He 
produced  the  cold  by  freezing  mixtures,  and  the  lowest  temper- 
ature he  obtained  was  —18"  C.  =  0**  F. 

^  Read  before  the  Philosophical  Society  of  Glasgow,  4th  March  1885. 

*  Klein's  Micro-Organisms  arid  Disease,  1884,  p.  35. 

'  Cohn's  Beiirdge  zur  Biologie  der  Fflanzen,  1870,  Zweites  Heft,  p.  221. 

*  To  convert  F.**  to  C."  subtract  32,  multiply  by  5,  and  divide  by  9.     To 
convert  C*  into  F.''  mqltiply  by  9,  divide  by  5,  and  add  32. 
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Klein^  states  that  "  freezing  destroys  likewise  most  bacteria, 
except  the  spores  of  bacilli,  which  survive  exposure  to  as  low  a 
temperature  as  —  15°  C,  even  when  exposed  for  an  hour  or 
more."  Again,  in  another  place*  he  says — *'  Exposing  the  spores 
of  anthrax-bacillus  to  a  temperature  of  0°  to  — 15°  C  for  one 
hour  did  not  kill  thenL" 

In  1884  a  remarkable  series  of  experiments  were  described  to 
the  French  Academy  by  MM.  R  Pictet  and  E.  Yung.*  These 
observers  sealed  up  in  small  glass  tubes  fluids  containing  various 
kinds  of  microbes,  and  placed  them  in  a  wooden  box.  The  box 
was  in  the  first  place  submitted  for  20  hours  to  a  cold  of  —  70°C., 
produced  by  the  evaporation  of  liquid  sulphurous  acid  in  vacuo. 
The  box  was  then  surrounded  by  solid  carbonic  acid  for  89 
hours,  and  a  cold  of  from  —  70°  to  —  76°  C.  was  thus  obtained. 
Finally,  the  box  was  subjected  for  a  third  period  of  20  hours  to 
a  cold  produced  by  the  evaporation  of  solid  carbonic  acid  in  vacuo 
— the  temperature  being  estimated  at  from  —76°  to  —  130°C. 
— that  is,  a  minimum  temperature  of  202°  below  zero  Fahren- 
heit They  sum  up  by  stating  that  the  organisms  were  acted  on 
by  a  cold  of  —  70°  C.  for  109  hours,  followed  by  a  temperature 
of  —  130°  for  20  hours.  The  organisms  tested  were  Bacillui 
anthrads,  B,  subiilis.  B.  ulna,  Miavcoccus  luteus,  and  a 
micrococcus  not  determined.  Bacillus  anthrads  retained  its 
virulence  when  injected  into  a  living  animal.  The  vitality  of  the 
others  was  not  aSected.  Experiment  showed  that,  whilst  cold 
seemed  to  kill  some  of  the  micrococci,  a  great  number  resisted 
it.  Yeast  showed  no  alteration  under  the  microscope,  but  it  had 
lost  its  powers  of  fermentation.  Vaccine  lymph  exposed  to  the 
low  temperatures  did  not  produce  a  pustule  on  the  left  arm  of  an 
infant,  whilst  another  sample  of  the  same  lymph  introduced  into 
the  right  arm  of  the  same  child  produced  a  pustule.  Pictet  and 
Yung  conclude,  from  their  experiments,  that,  in  the  conditions  of 
cold  indicated,  many  of  the  lower  organisms  were  not  destroyed.* 

^  Klein,  Micro-Organisms^  p.  35. 

*  Klein,  op.  dt,,  p.  73. 

'  Comptes  reiiduSj  tome  xcviii.  No.  12  (24tli  March  1884),  p.  747. 

^  In  a  letter  to  Dr  M'Kendrick,  Professor  Arthur  Gamgee  states,  that  some 
months  ago  he  exposed  patrescible  fluids  to  moderate  degrees  of  cold  vrithout 
thereby  preventing  putrefaction,  and  that  he  abandoned  the  research  as  unlikely 
to  lead  to  any  important  result  with  the  temperature  he  had  at  command.     It  is 
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Prior  to  becoming  acquainted  with  these  remarkable  re- 
searches, we  had  begun  the  investigation,  the  results  of  which 
will  now  be  shortly  communicated. 

The  difficulty  of  experimenting  upon  the  effects  of  low  tem- 
peratures upon  various  substances  has  been  much  lessened  by 
the  practical  introduction  of  cold  air  machinery  for  technical 
purposes,  described  in  a  paper  read  by  Mr  Coleman  to  the 
Institute  of  Civil  Engineers  in  February  1882.  These  machines, 
in  an  ordinary  way,  supply  streams  of  atmospheric  air  cooled  to 
about  80**  below  zero  F.  (  —  63°  C),  but,  by  certain  modifications 
they  can  be  adjusted  to  deliver  the  air  cooled  much  lower,  and, 
in  point  of  fact,  to  as  low  temperatures  as  have  yet  been  pro- 
duced in  physical  researches. 

For  the  purposes  of  these  experiments  a  machine,  worked  by 
a  gas  motor  engine,  capable  of  delivering  30  cubic  feet  of  air 
(•84  cubic  metre)  per  minute,  has  been  employed,  the  cold  air 
being  made  to  pass  upward  in  a  square  vertical  shaft  of  wood,  in 
the  sides  of  which  were  apertures  regulated  by  valves,  and  by 
means  of  which  about  a  dozen  chambers,  each  of  3  cubic  feet 
capacity  ('084  cubic  metre),  could  be  maintained  at  any  parti- 
cular temperature  desired.  These  temperatures  were  carefully 
taken  by  an  absolute  alcohol  thermometer,  made  by  Negretti  <^ 
Zambra,  and  checked  by  a  special  air  thermometer  devised  by 
Mr  Coleman. 

The  experiments  consisted  in  exposing  for  hours  to  low  tem- 
peratures putrescible  substances  in  hermetically  sealed  tins  or 
bottles,  or  in  flasks  plugged  with  cotton  wool ;  the  tins  or  flasks 
were  then  allowed  to  thaw,  and  were  kept  in  a  warm  room,  the 
mean  temperature  of  which  was  about  80°  F.  (27°  C.) ;  they  were 
then  opened  and  the  contents  submitted  to  microscopical  exam- 
ination with  magnifying  powers  of  from  250  to  1000  diameters. 
The  general  results  are  as  follows  : — 

1.  Meat  in  tins  (4^  inches  in  diameter,  and  1  inch  in  depth), 
exposed  to  80°  below  zero  F.  (  —  63°  C.)  for  6  hours  underwent 
putrefaction  with  generation  of  gases. 

2.  Whilst  these  experiments  were  going  on,  comparative  ex- 

also  stated  in  Landois'  Physiology^  translated  by  Stirling,  vol.  i.  p.  456,  on  the 
aathority  of  Frisch,  that  **  bacteria  survive  a  temperature  of  -87**  C;  yeast 
even  - 100' C." 
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periments  were  made  with  tins  and  bottles  containing  meat,  but 
not  exposed  to  cold.  Under  such  circumstances,  the  efifects  of 
storing  them  in  the  warm  room  for  even  the  short  period  of  a 
fortnight,  was  to  develop  such  large  quantities  of  extremely 
foetid  gas,  and  very  active  bacteria  and  vibrios,  that  we  had  no 
doubt  whatever  but  that  exposure  to  a  cold  of  80""  below  zero 
(63°  C.)  had  checked  their  development  to  some  extent  in  the 
subsequent  exposure  to  a  warm  temperature. 

3.  On  the  24th  of  December  30  samples  of  fresh  meat  were 
placed  in  2  oz.  white  glass  phials.  These  were  carefully  corked 
with  corks  previously  steeped  in  mastic  varnish,  and  the  necks 
of  the  corked  bottles  were  then  immersed  in  melted  sealing  wax. 
These  bottles  were  divided  into  five  sets,  and  marked  A,  6,  C,  D, 
and  E,  and  they  were  treated  as  follows : — 

A.  6  samples  were  exposed  to  zero  F.  (—17°  C.)  for  65  hours. 


B.  6 

>f 

» 

-20  F.  (-29"  C.) 

C.  6 

if 

>t 

-30  F.  (-34°  C.) 

D.  6 

7f 

i> 

-40  F.  (-40°  C.) 

E.  6 

f> 

-80  F.  (-62°  C.) 

f) 
t> 
>f 

99 


These  experiments  ended  on  28th  December.  On  the  29th  one 
bottle  from  each  group  was  again  exposed  to  80°  F.  (  —  63°  C.) 
for  6  hours,  then  again  frozen  for  6  hours  at  —80  F.  (  —  63**  C.) 
The  whole  of  those  were  removed  to  the  room,  but  in  the 
meantime  it  was  noticed  that  at  temperatures  below  zero,  and 
particularly  so  low  as  —80°  F.  (  —  63**  C),  the  meat  assumed  a 
peculiar  dirty-brown  appearance.  In  the  course  of  a  few  hours, 
however,  the  whole  of  the  samples  assumed  at  normal  tempera- 
tures the  well-known  reddish  colour  of  meat.  In  all  cases, 
however,  in  the  course  of  10  or  12  hours  after  removal  to 
the  warm  room,  signs  of  putrefaction  were  visible,  and  in  the 
course  of  a  few  days  the  putrefactive  process  was  fully  estab- 
lished. It  is  important  to  notice  that  the  temperature  reached 
in  these  experiments,  namely,  from  —70°  to  —80°  F.  (—56°  to 
-63"  C),  is  nearly  the  minimum  degree  of  cold  hitherto  observed 
in  Polar  expeditions.     (See  Note) 

4  It  is  well  known  that  freezing  muscle  taken  from  a  newly 
killed  animal  prevents  the  coagulation  of  muscle-plasma,  and 
that  the  plasma  can,  on  partial  thawing,  be  squeezed  out  of  the 
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muscle   and  allowed  to  coasjulate.     It  occurred  to  us   that  if 
muscle  were  suddenly  exposed  to  extreme  cold,  before  cadaveric 
rigidity  had  set  in,  some  change  might  be  observed  in  the  putre- 
factive process.     Accordingly,  a  rabbit  was  instantaneously  killed, 
portions  of  its  muscles  were  at  once  placed  in  stoppered  bottles 
and  transferred  to  the  cold  chamber,  then  having  a  temperature 
of  about  —80°  F.     They  were  kept  there  for  10  hours;  then 
allowed  to  thaw  partially  in  the  cold  chamber,  whilst  the  cold 
air  machine  was  not  at  work ;  then  again  frozen  for  12  hours  ; 
and  finally  transferred  to  the  warm  room.     In  these  circum- 
stances, they  underwent  rapid  putrefaction.    The  samples  seemed 
to  be  more  moist  than  other  specimens  of  ordinary  butcher  meat, 
and  they  certainly  underwent  more  rapid  putrefrction. 

5.  A  further  set  of  experiments  with  meat  was  carried  out,  in 
which  the  samples  were  continuously  exposed  to  a  temperature 
of  from  —90°  to  -120°  F.  (-83°  C.)  for  100  consecutive  hours, 
the  bottles  were  then  removed  to  the  warm  room,  with  the 
result  that  in  10  or  12  hours  the  putrefactive  process  seemed 
to  be  fully  established. 

5a.  It  has  been  shown  by  Pasteur^  that  if  putrescent  or 
fermenting  substances  are  sealed  up  in  a  comparatively  small 
space  containing  air,  the  processes  are  arrested  when  all  the 
oxygen  has  been  used  up,  and  the  products  of  putrefaction  may 
undergo  no  further  alteration.  In  these  circumstances,  in  such 
experiments  as  ours,  the  apparent  arrest  of  putrefaction  in 
sealed  vessels  might  have  been  attributed  to  the  action  on  the 
organisms  of  the  low  temperature  to  which  they  had  been 
exposed,  instead  of  to  the  real  cause — the  removal  of  all  the 
oxygen  from  the  confined  air.  To  meet  this  difiiculty  we  saw 
the  importance  of  testing  the  effect  of  cold  on  putrescible  sub- 
stances placed  in  test  tubes  and  flasks  firmly  plugged  with  cotton 
wool,  through  which  there  might  be  a  free  play  between  the 
gases  in  a  tube  or  flask  and  the  surrounding  atmosphere.  Nor 
was  it  necessary  in  such  experiments  to  sterilise  the  cotton  wool 
by  heat,  as  must  be  done  in  all  researches  on  the  efifects  of  high 
temperatures,  because  if  a  low  temperature  were  fatal  to  micro- 
organisms, it  would  kill  those  in  the  cotton  wool  as  well  as 

^  Comptes  rendus,  Ivi.    734-1189.     See  also  article   **  Fermentation,"  "Watt's 
Dictionary  of  Chemistry^  first  supplement,  p.  612. 
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those  in  the  putrescible  substances.  Many  experiments  were 
made  with  tubes  and  flasks  stopped  with  cotton-wool  plugs 
instead  of  being  hermetically  sealed,  but  there  was  no  difference 
in  the  general  result. 

6.  Six  flasks  were  filled  with  fresh  urine,  and  plugged  with 
cotton  wool,  on  the  10th  of  December.  The  first  one  plugged 
with  wool  was  exposed  to  the  temperature  of  the  engineering 
shop  where  the  experiments  were  carried  on  (about  SO''  F.),  and 
on  the  13th  the  urine  was  muddy.  On  the  18th  it  was  found 
to  be  swarming  with  bacteria  and  vibrios.  The  second  was 
exposed  for  8  hours  to  zero  F. ;  on  the  13th  it  showed  slight 
muddiness,  and  on  the  18th  it  was  swarming  with  bacteria.  The 
third  was  exposed  to  a  temperature  of  —10°  F.  for  8  hours,  and 
on  the  18th  it  was  also  swarming  with  bacteria.  The  fourth 
was  exposed  to  —20°  F.  with  the  same  result.  The  fifth  was 
exposed  to  —30°  F.  with  a  like  result.  The  sixth  was  exposed 
to  —80°  F.,  and  it  did  not  become  muddy  until  the  22od,  that 
is,  12  days  after  the  beginning  of  the  experiment  These  results 
showed  that  freezing  at  very  low  temperatures  delayed  the 
appearance  of  the  alkaline  fermentation  due  to  organisms,  but  a 
temperature  of  —80°  for  8  hours  did  not  sterilise  the  urine. 

7.  Samples  of  fresh  milk  exposed  to  temperatures  of  from 
zero  to  —  80°  F.  for  8  hours  curdled,  and  showed  the  well- 
known  Bacterium  ladis,  and,  so  far  as  could  be  observed,  freezing 
did  not  delay  the  process  after  the  flasks  were  kept  at  a  tem- 
perature of  about  50°  F. 

8.  Samples  of  Prestonpans  beer  (containing  about  2  per  cent, 
of  alcohol)  were  similarly  treated.  Exposed  to  the  air  of  the 
shop,  a  scum  of  torulse  made  its  appearance  in  three  days. 
Freezing  undoubtedly  delayed  the  appearance  of  these  in  flasks 
plugged  with  cotton  wool,  and  the  delay  corresponded  to  the  fall 
of  temperature,  so  that  the  sample  exposed  to  —  80°  F.  did  not 
show  the  scum  for  twenty -two  days  after  its  removal  from  the 
cold  chamber.  Still  it  could  not  be  said  that  this  degree  and 
duration  of  cold  sterilised  the  fluid. 

9.  Samples  of  sweet  ale  behaved  in  a  precisely  similar 
manner. 

10.  Samples  of  meat  juice,  made  by  boiling  lean  meat,  filter- 
ing and  carefully  neutralising,  were  also  operated  on,  both  iu 
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flasks  hermetically  sealed  and  having  the  necks  stufiPed  with 
cotton  wool.  Exposed  to  temperatures  of  from  zero  to  —80"  F. 
for  8  hours,  all  of  these  in  due  time  showed,  under  the 
microscope,  numerous  bacteria,  but  the  freezing  process  un- 
doubtedly delayed  their  appearance,  and  this  was  most  marked 
in  the  samples  exposed  to  the  lowest  temperatures. 

11.  Samples  of  neutralised  vegetable  infusion  behaved  in  a 
simile^r  way. 

12.  Many  experiments  were  made  with  putrefying  fluids,  full 
of  bacteria  and  other  micro-organisms.  The  method  followed 
was  to  examine  the  fluid  with  the  microscope,  and  to  note  the 
appearances  of  the  organisms.  These  portions  of  the  fluid  were 
placed  either  in  a  flask  plugged  with  cotton  wool  or  in  a 
hermetically-sealed  flask;  and  exposed  to  the  lowest  temperature 
attainable,  namely,  —  120'  F.  In  one  set  of  experiments  such 
organisms  were  exposed  to  —120°  F.  for  100  consecutive  hours. 
The  thawed  fluid  was  again  examined  microscopically,  with  the 
result  of  showing  that  the  organisms  were  motionless.  Still  it 
could  not  be  asserted  that  they,  or  at  all  events  their  spores, 
were  dead,  as,  after  exposure  to  a  temperature  of  80°  F.  for  a 
few  hours,  the  fluid  was  found  to  be  again  teeming  with 
onanisms  in  active  movement.  The  conclusion  arrived  at  was 
that  such  prolonged  exposure  to  cold  as  we  could  give  did  not 
kill  them,  or,  at  all  events,  it  did  not  kill  them  all,  probably 
leaving  spores  unaffected. 

13.  We  also  attempted,  by  repeated  freezings  and  thawings,  to 
kill  micro-organisms,  as  it  was  conceivable  that  cold  might  kill 
the  adults  only,  leaving  the  spores  unaffected.  If,  then,  the 
spores  were  killed  as  they  approached  maturity,  and  before 
they  had  produced  new  spores,  we  might  be  able  to  sterilise  the 
fluid.     All  our  attempts  in  this  direction  were  unsuccessful. 

14.  Experiments  were  also  made  with  gelatinous  infusions  of 
meat,  to  which  grape  sugar  had  been  added. .  Exposure  to  low 
temperatures  and  thawing  did  not  destroy  the  gelatinous 
character  of  the  substance,  but  putrefaction  was  not  prevented. 
Such  gelatinous  masses,  after  exposure  for  100  consecutive  hours 
to  —120°  F,,  quickly  liquefied  and  gave  oflf  gas  after  remaining 
15  to  20  hours  in  the  warm  room. 

15.  It  is  a  striking  consideration  that  freezing  at  low  tempera- 
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tares  makes  a  mass  of  oi^anic  matter  solid  throQglioxit,  so  that 
it  can  only  be  broken  to  pieces  by  violent  blows  of  a  hammer. 
It  has  then  a  fractared  surface  like  a  piece  of  rock.  Still,  when 
such  a  mass — say  a  piece  of  muscle — is  thawed,  its  microscopical 
structure  seems  to  be  unaltered.  All  that  can  be  said  is  that  it 
is  moister  than  ordinary  fresh  muscle.  It  is  probable,  therefoic, 
that  the  bodies  of  micro-organisms  are  also  frozen  solid,  and  yet 
they  apparently  may  live  for  a  long  time  in  this  conditioD. 
One  cannot  suppose  that  in  these  circumstances  any  of  the 
phenomena  of  life  take  place ;  the  mechanism  is  simply  arrested, 
and  vital  changes  may  again  occur  when  the  conditions  of  a 
suitable  temperature  return.  Such  considerations  led  as  to 
examioe  whether  any  of  the  vital  phenomena  of  higher  animals 
might  be  retained  at  such  low  temperatures.  We  ascertained 
that  a  live  frog  may  be  frozen  quite  solid  throughout  by  a  tem- 
perature of  from  —20'  F.  to  -30"  F.  in  about  half  an  hour.  On 
thawing  slowly  in  two  instances,  the  animal  completely 
recovered.  When  kept  in  the  cold  chamber  longer  than  half  an 
hour,  the  animal  did  not  recover,  but  the  muscles  and  nervea 
were  still  irritable  to  electricity,  responding  to  weak  indaction 
shocks.  Keflex  action,  however,  was  abolished.  In  two  cases 
frogs  were  exposed  for  20  minutes  to  a  temperature  of  —100' 
F.  On  thawing  they  did  not  recover,  but  the  muscles  still 
feebly  responded  to  electrical  stimulation,  showing  that  their 
irritability  had  not  disappeared.  The  probability  is  that  longer 
exposure  to  this  temperature,  or  exposure  for  a  shorter  time 
to  a  lower  temperature,  would  destroy  muscular  and  nervous 
irritability,  but  it  is  a  striking  fact  that  irritability  can  survive 
to  any  degree  a  transition  through  a  state  of  solidity  produced 
by  cold.^ 

16.  One  experiment  was  performed  on  a  warm-blooded 
animal — a  rabbit.  Before  the  experiment,  the  temperature  of 
the  rectum  was  99°'2  F.,  pulse  160  per  minute,  respirations 
about  45  per  minute.  At  10.30  A.M.,  it  was  placed  in  the  cold 
chamber,  the  thermometer  of  which  stood  at  —93**  F.  At  11 
A.M.  it  was  removed  for  a  minute  or  two ;  it  did  not  seem  to  be 
affected,  but  the  temperature  of  the  rectum  was  now  94''2,  a 

*  Kiihne  observed  that  a  frozen  frog's  muscle  will  contract  after  thawing,  Iwt 
the  temperature  he  reached;was  not  low 
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fall  of  5"  in  half  an  hour.  It  was  then  reintroauced  into  the 
cold  chamber,  the  temperature  of  which  was  read  off  at  — 100°  F. 
It  was  taken  out  at  12  noon  ;  it  seemed  to  be  comatose ;  reflex 
action  was  abolished :  there  were  jerking  movements  of  the 
limbs ;  its  rectal  temperature  was  now  43°  F,,  a  fall  of  51" 
daring  the  hour ;  its  pulse  was  40  per  minute,  being  a  fall  of 
120;  and  its  respirations  were  barely  perceptible.  It  was 
placed  in  a  warm  place,  and  began  slowly  to  recover.  In  15 
minutes  its  temperature  had  risen  to  72"  F.,  in  10  minutes  mora 
to  SO"*  F.  Its  pulse  beats  when  removed  from  the  chamber 
were  40  per  minute,  in  15  minutes  they  had  risen  to  60  per 
minute,  and  in  15  minutes  more  to  100  per  minute.  The 
animal  completely  recovered.  When  removed  from  the  chamber 
at  12  noon,  although  reflex  action  was  abolished,  the  muscles 
were  still  irritable  to  electrical  stimulation,  and  on  placing  the 
wires  over  the  sciatic  nerve,  without  cutting  the  skin, 
strong  spasms  of  the  muscles  of  the  leg  were  caused,  show- 
ing that  the  nerve  was  still  irritable.  It .  follows,  therefore, 
that  some  of  the  effects  of  the  extreme  cold  were  due  to 
inactivity  of  the  nerve  centres.  Consciousness  and  reflex  action 
were  abolished,  owing  to  inactivity  of  the  grey  matter  of  the 
encephalon  and  of  the  spinal  cord. 

The  effect  of  the  extreme  cold  on  the  warm-blooded  or  homoio- 
thermal  animal,  as  contrasted  with  its  effect  on  the  cold-blooded 
or  poikilothermal  animal  is  very  striking.  The  cold-blooded 
frog  became  as  hard  as  a  stone  in  from  10  to  20  minutes,  and 
the  temperature  of  its  body  was  probably  the  mean  temperature 
of  the  chamber ;  the  warm-blooded  animal  produced  in  itself  so 
much  heat  as  enabled  it  to  remain  soft  and  comparately  warm 
during  exposure  of  an  hour's  duration  to  —  100°F.  Still  its 
production  of  heat  was  unequal  to  make  good  the  loss,  and 
every  instant  it  was  losing  ground  until,  at  the  end  of  the  hour, 
its  bodily  temperature  had  fallen  about  56''  F.  below  its  natural 
temperature.  Had  it  been  left  in  the  chamber  long  enough,  its 
bodily  temperature  would  have  fallen  until  it  reached  the 
temperature  of  the  cold  chamber,  and  it  would  then  have 
become  as  hard  as  the  frozen  frog.  It  is  remarkable,  however, 
that  even  at  the  end  of  an  hour's  exposure  to  —100°  F.,  its 
bodily  temperature  was  143**  above  —100*  F.     As  blood  freezes 
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and  the  haemoglobiD  crjstallises  at  about  25"  F.,  had  the 
temperature  of  the  body  fallen  below  that  point,  the  animal 
would  not  have  recovered,  as  its  blood  would  have  been 
destroyed. 

We  have  only  to  add  that,  while  the  results  attained  in  this 
research  are  mainly  negative,  they  are  a  contribution  to  our 
knowledge  of  some  of  the  conditions  on  which  the  vitality  of 
micro-organisms  depend.  It  is  clear  that  albuminous  solids  and 
solutions  of  albuminous  matter  cannot  be  sterilised  by  prolonged 
exposure  to  very  low  temperatures,  and  that  therefore  any  hope 
of  preserving  meat  by  permanently  sterilising  it  by  cold  mast 
be  abandoned.  Still,  as  its  seems  improbable  that  no  degree  of 
cold  can  kill  micro-organisms,  we  hope  to  renew  our  attempts,  in 
which  we  will  use,  as  far  as  possible,  organisms  isolated  by 
cultivation,  and  these  will  submit  to  still  lower  temperatures 
than  have  yet  been  reached  in  biological  experiments. 

Note. — With  reference  to  the  statement  in  paragraph  3,  p.  4,  we  have  been 
faroured  with  the  following  remarks  by  Mr  Alexander  Buchan,  the  eminent 
meteorologist,  to  whom  we  applied  for  information: — *'  So  far  as  I  am  aware,  or 
can  discover,  the  temperatare  of-  7 3** 7  F.,  registered  on  board  the  Alert  in  March 
1876,  is  the  lowest  temperature  yet  observed  anywhere  in  the  free  atmosphere. 
The  lowest  mean  monthly  temperature  known  is  -  55°*8  F.  for  January,  at 
Werchojansk  (lat.  67'*34'  N,  and  long.  183'**51'  £),  in  north-eastern  Siberia." 
It  is  possible  that  one  or  more  of  the  individual  observations  that  make  up  thia 
low  mean  may  have  given  a  reading  lower  than  -  73** *7  F. 


ACCESSORY  LOBE  TO  THE  LEFT  LUNG.  By  Laurence 
Humphry,  M.B.,  Assistant  Physician  to  Addenhrooke's 
Hospital,  Cambridge,     (Plate  XVIL) 

In  making  a  post-mortem  examination  on  the  body  of  a  child, 
a  year  old,  who  died  of  tubercular  meningitis  and  general  tuber- 
culosis, an  accessory  lobe  to  the  left  lung  was  found  lying  in  the 
pleural  cavity  between  the  base  of  the  lung  and  the  diaphragm. 
It  was  suspended  by  a  thin  pedicle  of  blood-vessels  and  connec- 
tive tissue  to  the  descending  aorta,  from  which  it  received  a 
small  vessel,  and  its  vein  entered  the  hemiazygos.  It  was 
covered  by  pleura,  but  freely  movable,  and  there  was  no  con- 
nection whatever  with  the  lung  or  any  communication  with  any 
part  of  the  air  passage.  It  measured  about  two  inches  long  by 
one  broad,  was  flattened  on  the  posterior  surface,  rounded 
anteriorly,  and  had  the  appearance  of  foetal  lung. 

Sections  under  the  microscope  showed  lung  tissue,  con- 
taining bronchioles  lined  with  columnar  epithelium,  thick- walled, 
unexpanded  air-vesicles,  and  large  masses  of  caseating  tubercle 
with  well-marked  giant-cells,  also  a  plentiful  supply  of  blood- 
vessels. 

Such  a  condition  is  rare.  I  have  only  been  able  to  find 
record  of  two  similar  specimens,  one  described  by  Bokitansky,^ 
the  other  by  Professor  Bektorzik*  of  Vienna.  The  latter  ofiTers 
in  explanation  of  this  anomaly,  that  a  constant  notch  is  to  be 
seen  at  the  lower  part  of  the  posterior  border  of  either  lung,  by 
which  a  small  elongated  process  is  marked  off  from  the  inferior 

lobe. 

It  is  not  easy,  however,  to  understand  how  this  lobule 
comes  to  be  so  completely  isolated  from  the  lung  and  remain 
connected  with  the  aorta  low  down.  A  suggestion  was  made  by 
Professor  Macalister,  to  whom  the  specimen  was  shown,  that  a 

^  Lekrhuch  der  Pathologischen  Anatomie^  1861. 

*  Zeitschrift  der  kk.  Oessellschaft  der  Aertze  der  Wein,  1861,  No.  1. 
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portion  of  the  viscus  may  have  been  constricted  oflf  by  the  arch 
of  the  aorta  by  a  process  analogous  to  the  separation  of  the 
abnormal  azygos  lobe  by  the  vena  azygos  on  the  right  side,  cases 
of  which  have  been  described  by  Dr  Chiene  in  Journal  of  Ana- 
toviy  and  Physiology,  vol.  iv.  p.  891,  by  Dr  Collins  in  the  Trans* 
actions  of  the  Boyal  Irish  Academy  (1874),  and  by  Dr  Allen, 
Journal  of  Anatomy  and  Physiology,  vol.  xvL 


1 


A  CASE  OF  ABNORMAL  DEVELOPMENT  OF  THE 
EEPRODUCTIVE  ORGANS  IN  THE  FROG.  By  A. 

F.  S.  Kent,  Magdalen  College,  Oxford.     (Plate  XVIIL) 

About  the  end  of  January  in  this  year  (1885),  in  the  course  of 
work  at  the  Oxford  Museum,  a  case  occurred  of  abnormal 
development  of  the  reproductive  organs  in  a  frog,  and  as  the 
subject  seems  to  be  attracting  some  little  attention  at  the  present 
time,  at  the  suggestion  of  Mr  Robertson  I  determined  to  give 
a  short  account  of  it,  together  with  a  rough  sketch  of  the 
principal  points  in  which  the  specimen  ander  consideration 
differs  from  a  normal  frog. 

When  the  frog  was  brought  up  from  the  tank  it  was  thought 
to  be  an  ordinary  male,  as  the  characteristic  glands  were  present 
on  the  thumbs,  and  equally  developed  on  both  sides,  and  it  was 
not  until  it  had  been  opened  that  it  was  discovered  that  there 
was  anything  peculiar  about  it.  Upon  the  internal  organs  being 
brought  into  view,  however,  the  first  thing  to  be  seen  was  a  well- 
developed  and  much  convoluted  oviduct  on  the  right  side,  whilst 
on  the  left  there  seemed  scarcely  any  sign  of  one.  Closely 
applied  to  the  right  testis,  also,  was  observed  a  dark  mass  which, 
except  in  size,  was  much  like  an  ordinary  ovary. 

Upon  closer  examination,  it  appeared  that  the  Mlillerian  duct 
although  present  on  the  left  side,  was  quite  rudimentary,  and  in 
fact  little  more  than  a  mere  thread,  slightly  convoluted  above 
and  straight  below.  At  this  stage,  the  frog,  being  thought  worth 
some  careful  dissection,  was  placed  in  spirit  for  several  days  to 
harden.  The  stomach  and  intestine  were  then  cut  away  and 
part  of  the  pelvis  removed  to  bring  the  cloaca  into  view.  The 
sternum  also  was  cleared  away  in  order  that  it  might  be  seen 
how  the  MilUerian  ducts  commenced.  Upon  a  more  careful 
examination  being  made,  it  was  found  that  the  right  testis  was 
only  about  one-third  the  size  of  the  left,  and  was  divided  by  a 
well-defined  transverse  constriction  about  its  middle  into  an 
anterior  and  a  posterior  lobe.  Closely  applied  to  its  surface 
was  a  strongly  pigmented  body,  which  presented  upon  its 
surface  a  number  of  small  knob-like  projections,  and  extended 
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farther  over  the  body  of  the  testis  behind  than  in  front.  This 
body  evidently  represents  the  ovary ;  there  was  no  such  body 
applied  to  the  left  testis,  which  was  perhaps  slightly  larger  than 
usual. 

The  fat  bodies  also  were  a  little  larger  than  usual,  but  other- 
wise presented  no  special  features,  and  so  have  been  omitted  in 
the  figure.  When  the  Miillerian  ducts  came  to  be  examined,  it 
was  found  that  the  one  on  the  left  was  quite  rudimentary,  and, 
as  before  stated,  little  more  than  a  mere  thread ;  it  was  possible, 
however,  to  pass  a  very  fine  probe  some  way  up  it ;  the  dact 
was  slightly  convoluted  above  and  straight  below;  it  opens 
above  in  a  well-defined  orifice  close  to  the  root  of  the  lung,  and 
at  its  lower  extremity  is  dilated  and  ends  in  a  glandular  swell- 
ing, which  is  fused  with  the  vesicula  seminalis ;  their  internal 
cavities,  however,  do  not  communicate  with  each  other. 

The  Miillerian  duct  on  the  right  side  was  almost  as  largely 
developed  as  in  a  normal  female,  and  much  convoluted;  its 
upper  end  terminated  in  a  well-defined  orifice  in  the  normal 
position,  but  its  lower  end,  instead  of  dilating  to  form  the  uterine 
dilatation,  rather  became  narrower  and  its  walls  became  slightly 
thicker,  so  giving  some  indication  of  the  gland  in  which  the  left 
oviduct  ended;  this  glandular  portion  of  the  duct  was  fused 
with  the  vesicula  seminalis,  as  on  the  left  side,  but  their  internal 
cavities  did  not  communicate.  The  vesicula  seminalis  on  the 
right  side  is  rudimentary  but  that  on  the  left  is  normal. 

On  the  right  side,  as  on  the  left,  the  Miillerian  duct  and  the 
Wolffian  duct  enter  the  cloaca  separately. 

From  what  has  been  said  this  specimen  would  seem  to  be 
more  male  than  female,  as,  in  addition  to  the  fact  of  its  having 
two  testes  and  only  one  ovary  (and  that  one  smaller  than  usual), 
the  characteristic  glands  were  present  upon  the  thumbs  as  in  a 
normal  male  frog.  No  histological  examination  of  the  ovary 
and  testes  has  yet  been  made. 

The  specimen  will  be  set  up  by  Mr  Robertson  and  placed  in 
the  court  of  the  University  Museum  at  Oxford. 

For  the  convenience  of  those  interested  in  the  subject  it  may  be  well 
to  state  that  a  paper  appeared  in  the  Journal  of  Anatomy  and  Pkyd- 
ology  for  January  1884,  in  which  Professor  Marshall  described  four 
cases  of  abnormal  conditions  of  the  reproductive  organs  in  the  frog. 
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These  cases,  however,  differ  in  many  respects  from  the  one  now  under 
consideration.  In  the  first  case,  the  testes  were  of  normal  shape,  free 
from  pigment,  and  slightly  larger  than  usual,  the  left  being  slightly 
larger  than  the  right. 

The  fat  bodies  were  of  great  size  and  more  firmly  adherent  than 
usual  to  the  testes. 

The  Miillerian  ducts  were  much  convoluted  tubes,  with  firm  walls 
dotted  with  pigment  cells  along  the  greater  part  of  their  length. 

The  lower  end  of  the  duct  was  dilated  for  a  length  of  about  9  mm., 
forming  a  thin-walled  sac  3  mm.  in  width,  with  strongly  pigmented 
and  dilatable  walls. 

This  sac  was  fused  with  the  lower  end  of  the  Wolffian  duct.  The 
cavities  of  the  two  ducts  were,  however,  quite  distinct  from  one 
another. 

The  lower  end  of  the  Wolffian  duct  was  slightly  dilated,  forming  a 
vesicula  seminalis  similar  to  that  of  the  normal  male  frog,  but  of  much 
smaller  size. 

In  the  second  case,  the  testes  were  rather  elongated  and  slightly 
irregular  in  shape,  though  of  normal  size.  Each  was  pigmented  along 
its  outer  border  for  about  the  upper  two-thirds  of  its  length. 

At  the  anterior  end  was  a  small  clump  of  spherical  bodies,  strongly 
pigmented,  and  closely  resembling  ova  in  appearance. 
The  vasa  efferentia  were  normal  on  both  sides. 
The  Miillerian  ducts  agreed  closely  with  those  of  an  ordinary  adult 
female. 

The  Wolffian  duct  was  dilated  below  the  kidney,  and  was  fused  for 
the  last  5  mm.  of  its  length  with  the  uterus;  as  in  the  first  case,  how- 
ever, the  cavities  of  the  two  ducts  were  quite  distinct  from  one  another, 
and  their  openings  into  the  cloaca  separate,  as  in  the  female  frog. 

In  the  third  case,  the  left  testis  was  much  larger  than  usual;  some- 
what pear-shaped  and  strongly  pigmented  upon  its  surface. 
The  right  testis  was  almost  completely  absent. 
The  vasa  efferentia  were  normal  on  the  left,  absent  on  the  right. 
The  Miillerian  ducts  on  both  sides  were  convoluted  tubes,  dilated 
at  their  lower  ends  to  form  thin-walled  sacs,  which  were  fused  with 
the  Wolffian  ducts  for  a  length  of  6*5  mm.     These  latter  ducts  were 
of  equal  size  on  the  two  sides  in  spite  of  the  difference  between  the 
two  testes,  and  presented  glandular  enlargements  at  their  lower  ends 
corresponding  to  vesiculse  seminales.     The  cavities  of  the  two  ducts 
did  not  communicate. 

In  the  fourth  case  the  ovary  was  present  on  the  left  side  only,  and 
was  divided  by  a  strongly  marked  transverse  constriction  into  two  lobes, 
whereof  the  anterior  and  smaller  was  subdivided  by  a  less  pronounced 
constriction  into  two,  and  the  posterior  into  four  minor  lobes. 

The  whole  ovary  was  of  a  deep  brown  or  black  colour,  and  its 
surface  was  distinctly  mapped  out  into  polygonal  areas. 

The  testis  which  replaced  the  ovary  on  the  right  side  was  15  mm. 
long  by  8*5  mm.  wide  and  6  mm.  thick.  It  was  marked  into  two 
unequal  lobes  by  a  deep  transverse  groove.  On  the  dorsal  surface  of 
the  testis,  at  its  anterior  end,  was  a  deeply-pigmented  lobe  from  which 
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the  pigment  was  continued  down  the  outer  side  of  the  testis  as  a 
broad  stripe. 

The  vasa  efferentia  and  the  blood-vessels  were  normaL  The  fat 
body  was  unusually  small.  The  ducts  had  the  normal  female  arrange- 
ment 

A  case  of  the  occurrence  of  an  ovotestis  in  Rana  temporaHa  is  also 
described  by  Mr  A.  G.  Bourne  at  page  83  of  the  Quarterly  Journal  of 
Microscopical  Science  for  January  1884. 

This  specimen  presented  a  well-developed  ovary  on  the  right  side, 
whilst  on  the  left  was  the  organ  in  question.  It  was  completely 
ovarian  in  its  posterior  half,  and  there  was  no  line  of  separation 
between  ovarian  and  testicular  portions.  The  testicular  portion  was 
rounded,  and  tended  to  assume  the  shape  of  a  normal  testis ;  it  con- 
tained motile  spermatozoa. 

Some  sections  of  the  gland  were  cut,  which  showed  that  neighbour- 
ing follicles  had  developed  some  ova,  others  spermatozoa^  both  in  a 
normal  manner. 

Professor  Moseley  has  directed  my  attention  to  a  paper  by  Mr  J. 
Bland  Sutton,  to  be  found  at  page  129  of  the  Journal  of  Anatomy 
and  Physiology,  voL  xix.  pt.  ii. 


EXPLANATION  OF  PLATE  XVIIL 

Fig.  1.  h,  heart;  i,  cut  end  of  intestine;  k,  kidney;  I,  lung; 
772,  Miillerian  duct;  t,  testis ;  v,  vasa  efferentia ;  v.s,  vesicula  seminalis; 
IP,  Wolffian  duct 

In  fig.  2  the  left  testis  has  been  turned  on  one  side  to  show  the 
vasa  efferentia  and  the  whole  course  of  the  left  Miillerian  duct. 


KOTATION  AND  CIRCUMDUCTION.    By  Thomas  Dwight, 
M.D.,  Parkman  Professor  of  Anatomy  at  Harvard  University, 

As  Professor  Heiberg^  admits  that  the  ulna  does  not  rotate,  and 
as  T  have  not  questioned  the  accuracy  of  his  experiments,  but 
only  what  I  conceived  to  be  his  interpretation  of  them,  there  is 
no  point  of  great  importance  at  issue  between  us.  I  am  unwill- 
ing, however,  to  allow  some  of  Professor  Heiberg's  statements 
to  pass  unanswered.  I  shall  take  no  other  notice  of  the  personal 
tone  of  Professor  Heiberg's  reply,  than  to  assure  him  that  if  I  at 
all  overstepped  the  limits  of  courtesy  in  my  criticism  I  sincerely 
regret  it.  Having  declared  that  the  ulna  rotates  he  explains, 
that,  bad  he  written  in  English,  he  should  have  said  it  is  circum- 
ducted, but  that  he  never  had  heard  the  word  circumduction  in 
seven  years  passed  in  anatomical  and  surgical  circles  on  the 
Continent,  and,  indeed,  did  not  know  it  when  he  published  his 
book.  He  writes : — "  When  I  have  been  misunderstood  by  Pro- 
fessor Dwight,  and  perhaps  by  many  others,  I  suppose  the  cause 
lies  therein,  that  the  verb  rotate  has  a  much  more  restricted 
signification  in  English  than  it  has  in  the  German,  Scandi- 
navian, French,  Italian,  and  other  Soman  languages  that  I  may 
know." 

I  cannot  but  think  that  Professor  Heiberg  is  mistaken  in 
believing  that  he  never  heard  the  word  circumduction  on  the 
Continent,  for  I  find  it  on  page  36  of  his  own  book,  near  the 
beginning  of  a  quotation  from  Cruveilhier.  Had  he  quoted 
Duchenue  continuously  instead  of  omitting  section  137  he  would 
have  seen  it  twice  more.  The  difference  between  rotation  and 
circumduction  is  perfectly  familiar  to  students  of  English 
anatomical  literature.  In  French  the  terms  are  used  in  pre- 
cisely the  same  way.  Cruveilhier,  in  his  enumeration  of  move- 
ments, mentions — "  3"*  le  mouvement  de  circumduction  ou  mouve- 
ment  en  fronde  dans  lequel  I'os  mobile  d^crit  un  cdne  dont  le 
sommet  r^pond  k  I'articulation,  et  la  base  k  I'extr^mit^  oppos^e 

1  **  Movements  of  the  Ulna  in  Rotation  of  the  Fore- Arm,"  this  JoumcUy  vol. 
xix.  p.  287. 
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de  VoB :  4''  le  mouveTnent  de  rotation,  dans  lequel  Pes  soule  SQr 
son  axe,  sans  se  porter  d'un  lieu  k  un  autre." 

Sappey  describes  circumduction  in  essentially  the  same  way 
adding,  '*  £n  d^crivant  ce  cdne  il  (I'os)  se  trouve  successivement 
en  adduction,  flexion,  abduction,  extension,  et  dans  toutes  les 

situations  interm^diaires." "Le  mouvemeTU  de  rotation 

diffi^re  beaucoup  du  pr^c^dent.  L'os  qui  en  est  le  si^ge  ne 
tourne  pas  autour  d'un  axe  id^al  pour  decrise  un  cone  a  base 
plus  ou  moins  large.  II  reste  en  place  et  tourne  autour  de  son 
axe,  ou  autour  d'une  ligne  parall^le  k  cet  axe."  It  is  not  neces- 
sary to  multiply  quotations,  for  it  would  be  difficult  to  find  a 
French  treatise  on  anatomy  of  the  present  time  in  which  the 
distinction  is  not  made. 

It  is  true  that  the  word  circumduction  is  not  used  in  German, 
but  the  word  rotation  is  used  as  in  English  and  French.  Henle,^ 
in  describing  the  ball  and  socket-joint,  states  that  the  head  of 
the  bone  can  be  moved  in  any  direction  and  in  every  position 
can  be  turned  on  an  imaginary  axis  perpendicular  to  the  socket 
"  Die  Drehung  der  letzteren  Art  wird  insbesondere  mit  dem 
Namen  Botation  bezeichnet"  He  teaches,  concerning  the  saddle- 
joint,  that  the  bone  moves  on  two  axes,  crossing  one  another  at 
right  angles,  but  does  not  rotate,  and  gives  as  an  example  the 
carpo-metacarpal  joint  of  the  thumb.  It  is  fair  to  say  that  in 
denying  rotation  in  the  egg-shaped  joint  he  adds  in  a  parenthesis 
("  im  engeren  Sinne  des  Wortes  ").  Henle's  remarks  on  the  hip- 
joint  show  very  clearly  that  he  uses  the  word  in  the  strict  sense. 
He  states  that  the  Webers  found  the  rotation  to  amount  to  51° 
and  Henke  to  rather  more.  He  cannot  have  meant  circumduc- 
tion, for  that  is  continuous  in  the  hip. 

Professor  Hermann  v.  Meyer'  gives  the  following  scheme, 
which  is  very  simple : — Imagine  a  globular  head  of  a  bone  on 
which  a  much  smaller  one,  with  a  correspondingly  concave  base, 
may  move  freely.  Suppose  the  latter  to  move  from  the  centre 
of  the  head  to  its  edge,  and  then,  moving  round  the  periphery  from 
flexion  in  one  direction  to  flexion  in  another,  to  describe  a  part 
of  a  cone,  it  executes  ''  peripheriscbe  Bewegungen,"  which  is  the 
same  as  circumduction.    If  the  bone  in  whatever  position  it  may 

'  Bdnderlehre,  p.  14,  1872. 

'  Lehrhu:h  der  AncUwnie  des  Menschen,    Dritte  Auflage,  1878,  p.  49. 
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take  can  turn  on  its  own  axis,  "  wir  nennen  diese  Bewegungen 
DrMewegungen  oder  SoicUionen" 

It  seems,  therefore,  that  Pit>fe6sor  Heiberg's  use  of  the  word 
rotate  was  far  from  accurate.  He  claims,  however,  that  because 
he  explained  that  the  surface  of  the  ulna  describes  part  of  the 
surface  of  two  cones,  one  above  and  one  below  the  joint,  it  was 
evident  that  he  did  not  mean  rotation,  but  circumduction,  and 
that  certain  curves  which  he  figures  could  never  be  obtained  by 
simple  rotation.  I  certainly  shall  not  dispute  the  last  proposi- 
tion, as  far  as  it  applies  to  the  curves  made  by  the  ulna,  but  I 
deny  that,  because  a  bone  describes  a  pait  of  a  cone,  it  neces- 
sarily Implies  circumduction,  end  also  that  the  curve  made  by  a 
pencil  continuing  the  outer  border  of  the  radius  when  the  ulna 
is  fixed  is  the  result  of  anything  but  pure  rotation.  Such  a 
curve  is  one  of  those  that  Professor  Heiberg  refers  to,  and  he 
reproduces  it  in  his  paper  in  the  Journal  as  fig.  2.  The  move- 
ment of  the  radius,  in  this  case,  is  one  of  simple  rotation  on  the 
classical  axis  passing  through  the  head  of  the  radius  and  that  of 
the  ulna.  That  the  bone  describes  part  of  a  cone,  and  that  the 
rod  prolonging  it  describes  a  curve,  are  entirely  accidental  cir- 
cumstances, depending  on  the  shape  of  the  bone,  and  not  on  the 
nature  of  the  movement.  A  rod  inserted  transversely  into  the 
radius  gives  unequivocal  evidence  of  rotation.  For  these  reasons 
the  fact  that  Professor  Heiberg  asserted  that  the  ulna  describes 
parts  of  two  cones  is  not  itself  evidence  that  it  does  not  do  so 
by  rotation. 

Another  reason  for  supposing  that  Professor  Heiberg  used  the 
word  in  its  proper  sense  is  that  he  appears  to  agree  in  the  main 
with  Lecompte,  though  saying  that  he  goes  too  far.  Now 
Lecompte  writes  that  "  le  cubitus  execute  sur  la  trochl^e  hum^- 
rale  un  movement  de  torsion  spiroide."  Is  it  not  evident  that 
this  is  a  modified  rotation  ? 

I  am  bound  to  admit,  however,  that  had  I  studied  more  care- 
fully the  figures  representing  Professor  Heiberg's  model  near  the 
end  of  his  book,  I  might  have  known,  in  spite  of  his  use  of  terms, 
that  he  did  not  mean  that  the  ulna  rotates. 

The  question  arises,  apart  from  any  controversy,  whether  the 
terms  rotation  and  circumduction  are  sufiiciently  well  defined  in 
English  and  French.     There  is  no  confusion  as  to  the  idea,  but 
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the  definition  of  rotation  is  too  restricted,  and  the  term  circum- 
dnction  is  sometimes  improperly  nsed.  Rotation  is  generally 
described  as  the  movement  of  a  bone  on  its  own  axis,  or,  as  by 
Sappey,  also  on  a  line  parallel  to  it  A  moment's  reflection 
shows  that  this  definition  is  correct  neither  for  the  femur  nor 
the  radius.  As  to  the  second  point,  we  find  in  Qaain,  Cmveil- 
hier,  and  Sappey  that  the  head  of  the  radius  rotates,  and  that 
the  lower  end  is  circumducted  round  the  ulna,  but  we  find  no 
explanation  how  the  two  ends  of  a  bone  can  execute  essentially 
different  movements  at  the  same  time. 

The  error  arises  from  losing  sight  of  the  real  nature  of  the 
movement,  which  depends  on  what  axis  or  combination  of  axes 
it  occurs.  If  we  define  rotation  as  movement  on  one  axis 
approximately  parallel  to  the  long  axis  of  the  bone,  and  circum- 
duction as  movement  on  two  transverse  axes  by  which  a  bone 
passes  from  flexion  in  one  direction  to  flexion  in  another, 
describing  more  or  less  of  the  surface  of  a  cone,  we  have  defini- 
tions based  on  a  scientific  principle,  and  which  prevent  confusion 
between  these  movements.  It  is  clear  from  the  quotations  given 
above  that  this  is  not  offered  as  anything  new. 


ON  THE  MOVEMENTS  OF  THE  ULNA  IN  PRONATION 
AND  SUPINATION.    By  C.  W.  Cathcakt,  M.B.,  F.R.C.S., 

Zecturer  on  Surgery,  Edinburgh, 

Since  I  read  a  paper  under  the  above  title  at  the  Worcester 
meeting  of  the  British  Medical  Association  in  1882,  the  subject 
has  in  some  ways  been  very  fully  treated  by  Professor  Heiberg,^ 
and  discussed  for  three  days  (as  he  mentions  in  the  April 
number  of  this  Journal)  at  the  Anatomical  Section  of  the  Inter- 
national Congress,  held  last  year  in  Copenhagen. 

The  delay  in  publishing  my  paper  has  therefore  rendered  it 
unnecessary  for  me  now  to  enter  at  length  into  many  de- 
tails which  I  then  discussed,  while  it  has  relieved  me  of  the 
task  of  collecting  references  to  the  literature  of  the  subject,  since 
this  has  meanwhile  been  more  thoroughly  carried  out  by  Pro- 
fessor Heiberg  than  I  could  well  have  hoped  to  do. 

Through  Professor  Heiberg's  advocacy,  it  seems  likely  to  be 
no  longer  a  question  of  doubt  now  that  the  ulna  participates  in 
pronation  and  supination  of  the  fore-arm,  and  that  it  does  so  by 
a  movement  of  circumduction,  sweeping  round  in  the  reverse 
direction  to  that  taken  by  the  lower  end  of  the  radius.  I  hold, 
however,  that  it  is  still  open  to  discussion  as  to  what  joint  or 
joints  are  involved  in  this  movement  of  the  ulna,  and,  further, 
as  to  the  forces  which  produce  it  in  the  living  arm. 

In  a  former  paper  ^  I  ventured  to  assert  what  I  would  again 
revert  to,  that  in  all  questions  such  as  the  present  our  first  and 
last  appeal  should  be  to  the  living  and  moving  person.  Accord- 
ing to  this  principle,  therefore,  the  problems  before  us  would 
fall  for  consideration  in  the  following  order : — (1)  Does  the  ulna 
move  in  pronation  and  supination  ?  (2)  If  so,  in  what  way  does 
it  move  ?  (3)  Where  does  the  movement  take  place  ?  (4) 
What  moves  it  ?  The  reason,  as  it  seems  to  me,  why  so  many 
anatomists  have  missed  the  truth  in  this  question  is  that  they 

1  **Ueber  die  Drehung  des  Voider  arms,"  Christiania  Videnshaiaselskdba 
Forhandlinger,  1888,  No.  8. 

»  "Movements  of  Shoulder-Girdlejinvolved  in  those  of  the  Arm  on  the  Trunk," 
Jour,  of  Anat.  and  Phys. ,  vol.  xvii.  pt.  2. 
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have  taken  the  third  problem  first.  At  the  outset,  they  have 
argued  that  because  they  could  see  no  provision  for  a  lateral 
movement  of  the  ulna  at  the  elbow-joint,  that  no  such  move- 
ment could  take  place,  and,  therefore,  that  all  appearances  of 
such  movement  must  in  reality  be  due  to  some  delusion.  Now, 
however,  we  may  assume  that  careful  observation  of  the  ulna 
on  the  living  arm,  Lecompte's  ring  experiment,  and  Professor 
Heiberg's  able  discussion  of  the  subject,  and  bis  graphic  method 
of  demonstration,  have  answered  the  first  two  questions,  and 
made  it  sufficiently  clear  that  in  pronation  and  supination  the 
ulna  passes,  by  a  movement  of  circumduction,  through  a  segment 
of  a  circle  or  at  least  some  appros:imately  circular  arc.  Let  as 
therefore  discuss  the  next  question — the  third.  Where  does  the 
movement  take  place  ? 

If  we  analyse  any  movement  of  circumduction  which  lies  in 
say  a  vertical  plane,  we  can  reduce  it  to  a  combination  of  move- 
ments in  two  planes,  at  right  angles  to  one  another,  and  perpen- 
dicular to  the  first  It  is  not,  however,  necessary  that  these 
movements  should  take  place  at  the  same  joint.  By  the  varying 
combination  of  the  two  movements  an  endless  variety  of  curves 
may  be  produced,  as  is  seen  in  the  curves  traced  by  the  sympal- 
mograph. 

For  illustration,  let  us  suppose  the  upper  arm  banging  by  the 
side,  with  the  fore-arm  flexed  to  a  right  angle,  and  projecting 
forwards.  The  circumduction  of  the  ulna  in  pronation  and 
supination  would  then  be  due  to  a  combination  of  movements 
in  two  planes,  one  of  which  we  may  call  the  vertical,  occurring 
by  flexion  and  extension  at  the  elbow-joint,  and  the  other  the 
horizontal,  the  exact  seat  of  which  we  have  now  to  determine. 
Possibly  this  horizontal  movement  might  be  incapable  of  being 
separated  from  its  vertical  combination,  i,e.,  an  oblique  move- 
ment might  be  alone  possible  at  the  elbow;  possibly  a  hori- 
zontal or  lateral  movement  might  be  possible  at  the  elbow; 
or,  possibly,  the  movement  might  not  be  at  the  elbow  at 
all,  but  at  the  shoulder-joint.  In  this  case,  either  a  lateral 
rotation  of  the  humerus,  the  ulna  being  set  at  an  angle  to  it,  or 
an  adduction  or  abduction  of  the  humerus,  combined  with 
flexion  or  extension  and  rotation,  would  produce  the  necessary 
lateral  alteration  in  the  position  of  the  ulna. 
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The  view,  which  I  formerly  maiDtained  and  still  hold  to,  is,  that 
while  this  lateral  movement  of  the  ulna  in  circumduction  may,  and 
probably  does,  take  place  to  a  limited  extent  by  an  oblique  move- 
ment at  the  elbow,  it  chiefly  occurs  at  the  shoulder-joint.  It  is  to 
the  latter  of  these  movements  that  I  wish  to  direct  attention  in  this 
paper.  No  one,  of  course,  denies  that  in  forcible  pronation  and 
supination  the  upper  arm  moves  to  and  from  the  side.  It  is  in 
gentle  movements  of  rotation,  however,  when  the  upper  arm  can 
be  maintained,  to  all  appearance,  perfectly  steady,  that  there  is 
difficulty  in  deciding,  and  it  is  in  such  movements  that  I  hope 
to  prove  that  a  rotation  of  the  humerus  is  the  chief  agent  for 
the  lateral  movement  of  the  ulna.  By  referring  to  Professor 
Heiberg*8  ^  collection  of  the  literature  of  the  subject,  I  find  that 
this  view  is  held  by  Dr  E.  W.  Einthoven.^  Dr.  Einthoven 
believes  that  by  firmly  pressing  over  the  condyles  with  the 
fingers  while  the  fore-arm  is  rotating  within  one  of  Lecompte's 
rings,  the  slight  rotatory  movements  of  the  humerus  can  be 
recognised,  and  their  similarity  noted  to  purely  rotatory  move- 
ments without  accompanying  pronation  or  supination.  Professor 
Heiberg  criticises  this  view  in  an  appendix  to  his  paper,  and 
brings  two  objections  against  it : — 

1.  That  he  has  failed  to  get  the  same  results  in  repeating 

Dr  Einthoven's  experiments. 

2.  That  by  experimenting  on  a  dead  arm  he  has  found  that 

as  much  movement  as  is  necessary  is  possible  at  the 
elbow,  without  calling  into  play  the  shoulder-joint  at  all. 
In  regard  to  the  first  objection  I  can  only  say  that,  working 
independently  of  Dr  Einthoven,  I  had  come  to  much  the  same 
results  from  similar  experiments;  with  only  this  exception,  that 
I  could  not  say  that  the  ordinary  movement  of  rotation  of  the 
humerus  was  exactly  like  that  in  pronation  and  supination. 
This,  however,  I  accounted  for  by  the  complication  of  surround- 
ing muscular  contractions  in  the  latter  case  which  was  not 
present  in  the  former.  As  to  the  second  objection,  it  might  be 
transposed  so  as  to  tell  as  much  against  the  elbow  movement  as 

^  **ZuT  Gescbichte  der  Lehre  tod  der  Drehnng  der  Hand,"  Christiania 
VuUnsJMsselskabs  ForhandliTiger,  1883,  No.  11. 

*  Quelqucs  reniarques  sur  le  m^canisme  de  rarticulation  du  Coude,  Archives 
N^erlaridaises,  tome  xyii.  p.  289. 
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for  it ;  by  arranging  a  dead  arm  properly,  the  necessary  lateral 
movement  of  the  ulna  might  be  made  to  take  place  at  the 
shoulder-joint  without  calling  into  play  the  elbow.  I  would 
rather,  however,  not  appeal  to  the  dead  arm  at  all  until  we  have 
exhausted  every  possible  means  of  inquiry  on  the  living.  Un- 
doubtedly the  inquiry  is  a  difficult  one.  The  amount  of  move- 
ment of  the  condyles  of  the  humerus  is  at  most  very  small 
(about  ^  inch,  or  5  mm.);  the  skin  is  so  movable  that  such 
slight  movements  of  the  bones  are  difficult  to  observe  accurately ; 
and  the  contraction  of  muscles  in  the  neighbourhood  is  decidedly 
confusing  to  one's  sense  of  touch.  Is  there  no  other  way,  one 
naturally  asks,  to  bring  the  matter  to  a  more  searching  test  ? 
One  way  would  be  to  screw  long  needles  or  pointers  into  one  or 
both  condyles  of  a  living  arm ;  but  this  seems  to  be  attended 
with  rather  too  much  risk  to  be  lightly  undertaken.  On  think- 
ing the  matter  over,  however,  it  occurred  to  me  that  there  was 
still  another  method  available,  i,e.,  to  study  the  movements  of 
pronation  and  supination  in  patients  where,  by  an  anchylosis  of 
the  shoulder,  the  movements  of  that  joint  are  eliminated  If 
the  shoulder  is  not  involved  in  pronation  and  supination,  its 
anchylosis  should  make  no  difference  to  these  movements.  If 
the  shoulder,  however,  is  normally  involved,  then  its  anchylosis 
should  bring  about  some  deviation  from  the  normal  mode  of  per- 
forming pronation  and  supination  which  ought  to  be  traceable  to 
this  cause.  Such  cases  of  anchylosis  of  the  shoulder,  although 
not  uncommon,  are  not  always  easy  to  find  when  one  wants 
them.  I  have  had  an  opportunity  of  examining  three,  although 
it  is  only  to  the  last  of  them — at  present  within  reach  in  Edin- 
burgh— that  I  have  been  able  to  apply  all  the  tests  I  wished. 
They  all  corroborate  the  view  that  the  shoulder-joint  is  concerned 
in  pronation  and  supination. 

The  first  case  was  seen  in  August  1882.  The  patient  was  a 
woman  of  about  60,  under  the  care  of  Dr  Forster  of  Daventry. 
There  was  disease  of  the  right  shoulder-joint  of  fourteen  or  fif- 
teen years'  standing,  with  several  sinuses,  some  of  them  still 
open.  Anchylosis  was  nearly  complete,  and  pain  accompanied 
the  slight  amount  of  movement  that  still  remained.  Pronation 
and  supination  were  performed  by  the  affected  arm  in  a  jerky 
and  hesitating  way,  and  incompletely.    When  urged  to  perform 
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the  movementB  more  thoroughly  she  made  aa  effort,  proDated 
strongly,  and  immediately  put  her  left  hand  up  to  her  right 
shoulder,  complaining  of  the  pain  there.  When  the  humerus 
was  steadied  by  being  firmly  held  against  the  side,  pronation 
and  supination  were  performed  more  easily,  but  incompletely 
also,  and  the  ulna  could  be  seen  to  be  nearly  motionless  while 
the  radius  moved  round  it. 

It  is  worthy  of  notice  that  it  was  a  movement  of  strong  pro- 
nation which  elicited  the  pain ;  had  it  been  supination,  the  long 
tendon  of  the  biceps  might  have  been  blamed  for  it  It  does  not 
seem  unreasonable  to  account  for  the  pain  by  the  slight  move- 
ment produced  in  the  sensitive  shoulder-joint  by  the  co-ordina- 
tion of  outward  rotators  of  the  humerus  with  pronators  of  the 
radius ;  and,  for  the  usual  uncertainty  of  the  movements,  by  the 
fear  of  producing  tl)at  complete  form  of  pronation  and  supina- 
tion which  involves  rotation  at  the  shoulder.  The  details  of  the 
case  are  from  notes  taken  at  the  time. 

The  next  case  was  that  of  a  young  man  whom  I  saw  in  Mr 
Miller's  ward  as  an  out-patient,  in  September  1884.  He  had 
lately  recovered  from  an  attack  of  rheumatic  fever,  which  had 
left  an  apparently  complete  anchylosis  of  the  right  shoulder, 
and  atrophy  of  the  deltoid.  All  his  other  joints  and  muscles 
seemed  in  good  condition.  On  stripping  him  to  the  waist  and 
getting  him  to  hold  an  instrument  between  the  index  and  middle 
fingers  of  his  closed  right  hand,  I  found  that  he  easily  performed  the 
movements  of  pronation  and  supination,  but  moved  his  humerus 
to  and  from  his  side  as  he  did  so.  This  was  visible  both  in  the 
humerus  and  in  the  scapula  which  moved  with  it.  When  the 
humerus  was  held  as  steadily  as  possible,  the  rotatory  movements 
of  the  fore-arm  were  much  impaired.  Similar  movements  with 
the  left  arm  showed  no  such  visible  tendency  to  move  the 
humerus,  nor  did  steadying  of  the  bone  in  any  way  seem  to 
affect  the  movements.  These  experiments  were  repeated  several 
times,  and  those  present  (a  house  surgeon  and  several  students) 
were  quite  satisfied  as  to  the  results.  I  had  not  my  metal  ring 
with  me,  and  did  not  have  any  opportunity  of  examining  the 
patient  again.    The  notes  of  this  case  are  quoted  from  memory. 

The  explanation  of  the  inward  movement  of  the  whole  humerus 
appears  to  be  that,  as  a  rotation  of  the  humerus  on  its  own  axis 
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was  necessarily  difficult  or  impossible,  the  next  best  way  to  gain 
the  same  end  was  to  move  the  ulna  laterally  together  with  the 
humerus.  When  this  was  hindered,  so  was  the  movement  of 
pronation  and  supination.  He  had  not  yet  learned  to  bend  his 
hand  over  his  fore-arm,  and  thus  make  up,  in  part,  for  the  lateral 
movements  when  they  were  interfered  with. 

The  third  and  last  case  is  that  of  a  young  man,  aged  23,  who 
is  still  under  observation.  At  eight  or  nine  years  of  age  he 
suffered  from  what  appears  to  have  been  disease  of  bis  right 
shoulder-joint,  for  which  the  actual  cautery  was  freely  applied 
by  the  late  Professor  Spence.  The  disease  subsided,  but  left 
behind  it  a  firm  anchylosis  of  the  joint,  which  has  persisted  ever 
since.  As  is  usual  in  such  cases,  the  compensatory  mobility  of 
the  scapula  is  so  great  that  it  would  be  difficult  to  believe  that 
his  right  shoulder  had  nob  its  full  use,  were  it  not  that  a  careful 
examination  manifests  the  contrary.  As  a  proof  of  the  useful- 
ness of  his  right  arm,  I  may  mention  that  he  served  in  the 
militia  during  part  of  six  consecutive  years  without  the  condition 
of  his  right  arm  having  been  discovered. 

When  stripped,  his  chest  and  back  muscles  are  seen  to  be  well 
developed,  the  pectoralis  major  being  rather  stronger  on  the  left 
side,  and  the  upper  part  of  the  trapezius  on  the  right.  The 
right  deltoid  is  much  atrophied.  A  large  scar  resulting  from  the 
cautery  is  seen  in  front  and  behind  his  right  shoulder-joint.  The 
right  arm,  from  the  acromion  process  to  the  tip  of  the  middle 
finger,  measures  4  inches  less  than  the  left ;  of  this  3^  inches  is 
due  to  shortness  of  the  humerus,  and  ^  inch  to  that  of  fore-arm 
and  hand.  The  muscular  development  of  the  right  arm  is  good,  the 
deltoid  being  excepted  ;  upper  arm,  8f  inches ;  fore-arm,  9  inches. 
On  the  left  side  these  measurements  are  |  inch  greater  in  each 
case.  The  remaining  joints  of  the  right  arm  are  perfectly  free, 
and  their  movements,  to  all  appearance,  quite  natural. 

1.  When  the  right  fore-arm  is  flexed  to  about  a  right  angle, 
and  a  circular  metal  ring^  adapted  closely  round  the  wrist  and 
held  steady,  the  patient  can  rotate  his  fore-arm  within  the  ring. 

'  For  some  time  I  have  used  a  convenient  form  of  ring  made  for  me  by  Mr 
Fraser,  optician,  when  I  was  on  the  look-out  for  an  easily  adaptable  metal  ring. 
It  consists  of  a  piece  of  strong  clock -spring,  9^  inches  long  and  i  inch  wide. 
Into  one  end  is  soldered  smoothly  a  small  male  screw  directed  outwards  from  the 
concavity.     Beginning  an  inch  from  the  other  end  is  cut  a  longitudinal  slit  2 
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With  each  movement  of  supinatioa,  however,  the  humerus  is 
brought  towards  the  side  to  about  the  same  extent  as  the  ulna 
passes  from  without  inwards  in  the  horizontal  part  of  its 
circumduction.  In  pronation  these  movements  are  reversed. 
This  is  a  confirmation  of  the  experiment  performed  upon  Case 
2,  but  is  more  accurate^  in  virtue  of  the  application  of  the 
ring. 

2.  If  we  still  keep  on  the  ring,  and  now  ask  him  to  cross  his 
upper  arm  forcibly  over  his  chest,  so  that  the  movements  of 
his  scapula,  and  consequently  of  his  humerus,  are  restricted,  we 
find  that  he  can  no  longer  rotate  his  fore-arm  within  the  ring. 
He  can  still  perform  pronation  and  supination,  but  the  ring  must 
be  allowed  to  move  with  his  radius — in  other  words,  his  radius 
is  alone  moving ;  the  opposite  movement  of  the  ulna,  which  was 
necessary  to  diminish  the  curve  travelled  over  by  the  radius,  and 
BO  permit  rotation  within  the  ring,  having  been  restrained  simul- 
taneously with  the  restraint  of  the  humerus.  Had  the  lateral 
movement  of  the  ulna  been  chiefly  in  the  elbow,  or  had  it  not 
come  from  the  humerus,  why  should  the  restriction  of  the  move- 
ments of  the  humerus  have  made  so  much  diiference  in  the  mode 
of  performing  pronation  and  supination  ?  Where  the  shoulder 
has  its  normal  movements  this  position  of  the  arm  has  no  effect 
on  pronation  and  supination.  As  soon  as  the  crossing  of 
his  arm  was  sufficiently  relaxed  to  allow  the  scapula  to  move 
again,  the  rotation  of  the  fore-arm  could  again  easily  be 
performed  within  the  ring. 

Without  the  ring*  test  this  case  would  have  been  difficult  to 
study,  because  the  patient,  from  long  practice,  had  acquired  the 
device  of  bringing  the  hand  well  over  towards  the  ulnar  side  as 
soon  as  his  humerus  was  restricted,  and  thus  he  diminished  the 
impairment  of  rotation  round  the  radial  side  of  his  hand,  which 
was  easily  recognised  in  the  second  and  more  recent  case.  This 
confirms  the  view  that  there  are  two  ways  of  modifying  the  axis 
of  rotation  of  the  hand— (1)  by  changing*  the  relative  position  of 
the  hand  and  fore-arm,  (2)  by  increasing  or  diminishing  the  share 

inches  long,  and  wide  enough  to  admit  the  projecting  screw.  All  that  requires 
to  be  done  is  to  encircle  the  wrist  with  the  spring,  place  the  screw  within  the  slit,  so 
that  the  two  ends  of  the  spring  now  overlap,  and,  having  adjusted  the  ring  to  the 
right  size,  fix  the  whole  by  screwing  down  a  nut  on  to  the  projecting  male  screw. 
The  ring  becomes  practically  circular,  and  has  sufficient  rigidity  for  all  purposes. 
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of  the  ulna  in  the  movements  of  rotation,  and  thus  throwing  the 
axis  of  movement  nearer  to  or  farther  from  the  radius. 

It  seems  to  me  that  these  three  cases  of  anchylosis  of  the 
shoulder-joint — which  by  a  coincidence  were  all  on  the  right 
side — are  a  means  of  investigating  this  question  at  least  equally 
satisfactory  with  any  artificial  experiments  on  a  living  arm,  and 
more  physiologically  reliable  than  any  possible  experiments 
upon  a  dead  arm  whether  dissected  or  not 

The  forces  which  produce  the  lateral  movement  of  the  ulna 
must  be  left  for  future  consideratioa  Meanwhile,  it  will  be 
sufficient  if  this  paper  contributes  to  establishing  the  important 
and  interesting  position  that,  in  pronation  and  supination  of 
the  hand  and  fore-arm,  the  lateral  movement  of  the  ulna  takes 
place  chiefly  at  the  shoulder-joint 


THE  ANATOMY  OF  A  HYDROMICROCEPHALOUS 
BRAIN.  By  Alex.  Hill,  M.D.,  Fdlow  of  Downing  College, 
and  Demonstrator  of  Anatomy  in  the  University  of  Gam- 
bridge,  one  of  the  Hunterian  Professors  ai  the  Royal  College 
of  Surgeons  of  England.    (Plates  XIX.,  XX.) 

The  body  of  the  idiot,  from  which  this  brain  was  taken,  was 
not  received  in  Cambridge  antil  six  days  after  death.  Nothing 
in  the  external  conGguration  of  the  head  suggested  the  very 
remarkable  deformity  of  the  brain  which  really  existed,  but,  as 
the  specimen  was  evidently  one  of  interest,  the  skull  case  was  at 
once  injected  with  spirit.  A  week  was  then  allowed  to  elapse 
before  the  brain  was  taken  out,  when  it  was  found  to  be  in  a 
condition  which  necessitated  very  careful  handling ;  it  was,  how- 
ever (as  shown  by  Plate  XIX.,  A  and  B,  drawn  from  photo- 
graphs), sufficiently  hard  for  general  examination.  Indeed,  a 
certain  amount  of  post-mortem  alteration  makes  it  easier  to  dis- 
tinguish grey  from  white  matter,  and  the  delay  in  this  case  was 
therefore  not  unfavourable  to  the  investigation. 

Its  total  weight,  after  soaking  in  spirit,  was  10^  oz.  (291*4 
grammes).  From  this  I  infer  that  its  weight,  when  fresh,  could 
not  have  been  more  than  15  oz.  (425  grammes). 

Bischoff  found,  when  investigating  the  brain  of  Helen  Becker, 
that  a  fresh  brain  might  lose  by  soaking  in  spirit  as  much  as 
40  to  50  per  cent,  of  its  weight,  but  the  brain  under  description 
being,  to  a  certain  extent,  decomposed,  shrank  much  less  than  a 
fresh  one  would  have  done.  Its  greatest  length  (after  soaking 
in  spirit)  was  6  inches,  its  greatest  breadth  4^  inches. 

External  Configura.tion. 

All  the  parts  below  the  cerebral  hemisphere  were  (as  shown  in 
Plate  XIX.,  A)  small,  but  otherwise  normally  developed. 

The  cerebral  hemispheres  presented  a  remarkable  deficiency, 
the  ventricles  being  greatly  dilated  and  their  waUs  formed  for  the 
most  part  of  membrane.    Not  more  than  one-fifth  of  the  cortex 
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was  developed.  This  was  confined  to  the  frontal  region  as  far 
back  as  the  front  of  the  anterior  transverse  convolution,  the 
Island  of  Reil,  which  was  uncovered,  the  front  part  of  the 
temporo-sphenoidal  lobes,  and  the  orbital  region  behind  the  tri- 
radiate  fissure.  Even  in  these  regions  the  convolutions  retained 
an  embryonic  arrangement.  In  the  orbital  region  in  front  of  the 
tri-radiate  fissure,  and  in  the  parietal  and  occipital  regions,  the 
ciirtex  was  replaced  by  a  smooth  convex  membrane,  varying  in 
thickness  from  '75  mm.  on  the  upper  part  to  2*5  mm.  on  the 
floor  of  the  occipital  region. 

These  changes  being  evidently,  as  shown  by  the  history  of  the 
case,  congenital,  I  determined  to  find  out  what  alterations  in  the 
lower  parts  of  the  brain  were  associated  with  this  great  cortical 
deficiency,  and  to  obtain,  if  possible,  accurate  measurements  of  all 
departures  from  the  normal  size.  Such  an  examination  can 
only  be  satisfactorily  carried  out  by  cutting  the  whole  brain  into 
sections.  These  should  be  in  the  first  instance  just  thick  enough 
to  allow  of  their  being  lifted  into  separate  basins,  when,  after 
naked-eye  observation,  each  section  can  be  divided  into  square 
pieces  of  a  size  convenient  for  cutting  with  a  microtome  if  a 
minute  examination  appears  desirable. 

METUODr 

Owing  to  the  softness  of  the  brain  I  decided  to  embed  rather 
than  freeze  it.  Much  time  was  spent  in  finding  a  suitable 
material.  All  the  ordinary  masses  were  found  too  hard  for 
cutting  on  a  large  scale,  or,  if  made  soft  by  the  addition  of  oil  or 
lard,  the  sheet  when  cut  would  not  hold  together.  Finally,  I 
discovered  that  a  mixture  of  one  part  vaseline  to  four  parts 
paraffin,  melting  at  40"  C.  (supplied  by  Messrs  Brady  &  Martin) 
ofiered  extremely  little  resistance  to  the  knife  and  yet  would  cut 
into  sheets  which,  although  5  inches  square,  might  easily  be 
lifted  in  the  fingers.  At  the  time  (July  1883)  the  weather 
happened  to  be  extremely  hot,  in  colder  weather  a  larger  admix- 
ture of  vaseline  would  be  necessary.  The  section-cutter  com- 
prised a  horizontal  wooden  platform  carried  up  and  down  a 
heavy  iron  frame  by  means  of  a  large  screw  with  a  ^-inch 
thread.    To  the  iron  frame  was  fixed  a  square  iron  collar  in 
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which  the  block  of  paraffin  rested.  For  knife  I  used  a  large 
backed  saw,  the  toothed  edge  of  which  was  ground  down  into  a 
plane  cutting  edge.  It  is  unnecessary  to  go  into  further  details 
with  regard  to  the  apparatus,  for  it  was  far  from  being  a  success. 
Very  great  care  was  necessary  in  using  it  to  prevent  displace- 
ment of  the  paraffin  block.  Indeed,  I  doubt  whether  it  is  possible, 
except  by  some  complicated  arrangement  such  as  I  eventually 
adopted,  to  hold  the  block  firmly  enough  to  cut  so  large  a  sheet, 
for  very  considerable  force  is  used  in  driving  the  knife  forward, 
and,  owing  to  th^  viscosity  of  the  paraffin,  any  constant  pressure 
produces  in  time  a  change  of  form.  However  firmly  it  appears 
to  be  fixed,  after  a  few  sections  its  supports  are  found  to 
be  quite  loose  again.  I  succeeded  in  securing  the  block  of 
paraffin  by  the  contrivance  diagramroatically  exhibited  in  Plate 
XIX.  D,  and  obtained  regular  uniform  sections  of  ^  inch 
thick,  but  the  arrangement  required  a  most  troublesome  amount 
of  attention  to  the  screws. 

Plates  of  wood  (Plate  XIX.,  D,  a  and  a'),  on  the  inner  surface 
of  which  a  large  number  of  transverse  grooves  were  cut,  were 
placed  on  either  side  of  the  embedding  mass.  By  means  of  four 
finger  screws  passing  through  the  iron  collar,  these  plates  of 
wood  were  screwed  firmly  at  their  upper  ends  against  the 
paraffin.  At  their  lower  borders  they  were  united  together  by 
strong  elastic  bands,  and  thus  a  constant  pressure  was  brought 
to  bear  upon  the  paraffin,  which  was  so  firmly  fixed  to  the 
iron  collar  that  displacement  by  the  knife  was  absolutely 
impossible.  When  it  was  required  to  raise  the  block,  the 
pressure  of  the  elastic  band  at  the  lower  end  was  first  taken 
off  the  plates  of  wood  by  means  of  the  screw  c,  which  pressed 
upon  a  projecting  platform  d  of  the  plate  a.  When  the  wood 
was  about  \  of  an  inch  from  the  paraffin  at  its  lower  end  on 
either  side,  the  four  finger  screws  passing  through  the  iron 
collar  were  loosened.  The  tension  of  the  elastic  bands  keeps 
the  sheets  of  wood  in  contact  with  these  screws  which  they 
consequently  follow  towards  the  collar  on  either  side  and  away 
from  the  paraffin.  So  gradually  and  uniformly  are  they  with- 
drawn that  the  paraffin  is  left  free  upon  the  stage  without  any 
perceptible  displacement.  The  stage  was  raised  ^  of  an  inch 
(1*5  m.m),  the  finger  screws  through  the  collar  again  tightened, 
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the  screw  c  withdrawn  from  the  platform  d  and  the  paraffin 
block  firmly  clamped  in  its  place,  and  held  there  bj  the  pressure 
of  the  elastic  bands.^ 

Each  section  as  it  was  cut  was  removed  to  a  basin  of  spirit 
and  set  aside  for  subsequent  examination. 

Fig.  1  is  from  a  drawing  of  the  upper  surface  of  the  brain 
before  it  was  cut  up.  In  the  photographs  the  raggedness  of  the 
surface  and  the  indistinctness  of  its  contours  are  unduly  con- 
spicuous. The  sketch,  although  slightly  restored,  gives  in 
reality  a  very  much  better  idea  of  the  appearances  actually 
presented.  The  cross  lines  indicate  the  plane  of  every  second 
section  from  section  20  to  section  70. 

The  great  diminution  in  the  amount  of  cortex  appeared  to 
offer  an  opportunity  of  solving  some  of  the  most  important 
questions  with  regard  to  the  relation  to  one  another  of  the 
different  parts  of  the  brain.  The  apparently  uniform  diminution 
in  the  size  of  the  mid  brain,  hind  brain,  and  cord,  held  out  very 
little  hope  of  my  being  able  to  determine  proportional  in- 
equalities in  the  development  of  the  different  structures  of 
which  these  parts  are  composed.  Evidently  the  parts  of  greatest 
interest  were  the  internal  capsule,  the  nuclei  caudatus  and 
lenticularis,  and  optic  thalamus,  and  of  the  sizes  of  these  it  was 
desirable  to  obtain  accurate  measurements.  No  better  method 
o(  doing  this  occurred  to  me  than  to  measure  off  upon  a  series  of 
lines  ruled  ^  of  an  inch  apart  (the  thickness  of  a  section)  the 
surface  diameter,  in  a  certain  plane,  of  each  successive  section, 
and  then  upon  another  series  of  lines  the  diameters  taken  in  a 
plane  at  right  angles  to  the  first.  In  this  way,  two  ideal  longi- 
tudinal sections  in  planes  at  right  angles  to  one  another  were 
constructed  ;  no  notice,  however,  was  taken  of  the  curvatures  of 
the  principal  axis  of  the  structure  under  examination.  As 
mentioned  above,  a  well-developed  brain  hardened  in  spirit 
was  cut  up  with  the  same  machine.  The  photographs  in 
Luys'  "IcoTiographie"  were  also  used  in  the  comparison.  Ideal 
sections  of  the  control  brain  were  also  constructed  in  the 
manner  just  stated,  and  since  the  questions  at  issue  would 
not  be  affected  by  minute  inaccuracies  of  measurement  the 

1  I  am  much  indebted  to  the  Cambridge  Scientific  Instrument  Company  for 
the  trouble  they  took  in  perfecting  this  apparatus. 
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method   was  for   all    practical   purposes   thoroughly  satisfac- 
tory. 

Nucleus  Caudatus. 

This,  as  seen  in  Plate  XIX.,  B,  projected  freely  into  the  ventri- 
cular cavity.  It  will  be  noticed  that  its  head,  as  shown  in  section 
28,  projected  forward  beyond  the  level  of  the  surroanding  white 
matter.  On  its  under  surface  the  nucleus  was  in  contact  with 
the  internal  capsule,  from  which  it  no  doubt  received  fibres.  It 
was  only  possible,  however,  for  it  to  give  off  fibres  from  ite 
under  and  outer  part  The  grey  processes  connecting  it  with 
the  nucleus  lenticularis  on  its  outer  side  were  very  apparent, 
owing  to  the  small  development  of  the  internal  capsule.  The 
head  of  the  nucleus  measured — 

Control  Brain. 
Greatest  width,  \  iu.  (13  mm.)i    )  (  Width,  \  in.  (13  mm.). 

Depth,  1  in.  (25  mm*.),  >     as  against     <  Depth,  \\  in.  (21  mm.). 

Length,  ^  in.  (13  mm.),  ]  (  Length,  iV  in.  (9  mm.). 

The  greatest  width  shown  in  Luys'  photographs  is  \  in.  (12*5 
mm.) ;  greatest  depth,  lyV  ^^-  (33  mm.).  The  photographs  do 
not  follow  one  another  with  sufficient  regularity  to  make  it 
possible  to  estimate  the  length.  The  greater  size  of  the  section 
in  the  photograph,  as  compared  with  the  control  brain,  is  to  be 
fully  accounted  for  by  the  difference  in  the  method  of  prepara- 
tion. In  the  control  brain,  on  the  other  hand,  the  spirit  had 
probably  caused  greater  shrinking  than  in  the  idiot's  brain. 
Nevertheless,  it  is  obvious  that  the  nudeus  caudatus  intheidiofs 
brain  was  not  hy  any  means  below  normal  in  size. 

Tongues  of  grey  matter  were  seen  stretching  across  the  internal 
capsule  towards  the  nucleus  lenticularis,  which  first  appears  on 
the  left  side  in  section  29. 


Nucleus  Lenticularis. 

Nucleus  lenticularis  occupies  its  normal  situation  with  regard 
to  the  internal  and  external  capsule.  The  claustrum  also  is 
normally  developed. 

Size, — There  is  one  section  of  the  nucleus  lenticularis  which 
is  always  easy  to  identify — that,  namely,  in  which  the  anterior 
commissure  first  touches  or  enters  the  yellow  nucleus.     This 
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occurs  in  my  section  39;  and  it  is  peculiarly  noteworthy  that 
when  this  is  compared  with  the  same  section  in  Lays'  Icona- 
graphic,  it  is  found  to  be  of  precisely  the  same  size,  notwith. 
standing  the  fact  that  there  are  reasons  for  believing,  as  stated 
above,  that  the  brain  from  which  it  was  taken  had  shrunk  to 
a  greater  extent  than  had  the  one  from  which  Luys  made  his 
photograph. 
Measurements  as  projected  on  ruled  paper : — 


Idiot's  Braio. 


Control. 


Lays. 


Width,  ^m.  (24  mm.). 
Depth,  1  in.  (25  mm.). 
Length,  |  in.  (22*5  mm. ). 


Width,  Hin.  (24  mm.). 
Depth,  I  in.  (19  mm.). 
Length,  1^  in.  (32  mm.). 


Width,  i  in.  (22-5  mm.). 
Depth,  1  in.  (25  mm.). 


The  transverse  section  of  the  nucleus  was  therefore  above  nor- 
mal, its  length  below  normal ;  but  certainly  its  total  size  was  not 
less  than  it  would  have  been  in  a  well-developed  brain.  It  is 
scarcely  necessary  to  remark  that  its  weight  proportionately  to 
that  of  the  whole  brain  must,  under  these  circumstances,  have 
been  nearly  three  times  as  great  as  normal.  The  proportional 
weight,  however,  does  not  appear  to  me  to  be  the  matter  of 
interest  The  question  is  rather.  What  changes  in  weight  are 
associated  with  those  deBciencies  upon  which  the  small  weight 
of  the  whole  brain  immediately  depends  ? 

Nucleus  Amygdaleus 

Nucleus  amygdaleus  was  singularly  conspicuous,  owing  to  the 
comparative  want  of  convolution  of  the  cortex  of  the  tempore- 
sphenoidal  loba     Tt  was  not  below  normal  in  size. 

Width,  tV  in-  (l"l  n^ni-  )•     Depth,  A  in-  (1^  mni. ).     Length,  A  in.  (8  mm. ). 

Optic  Thalamus. 

The  determination  of  the  size  of  this  nucleus  is  a  matter  of 
much  greater  difficulty.  Certain  sections,  however,  are  easy  to 
recognise  and  compare.  For  instance,  the  one  in  which  the 
Bundle  of  Vicq  d'Azyr  is  seen  leaving  its  lower  border.    This 
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occurs  in  section  46,  the  measnrements  of  which  are  as  follows: — 


Co&troL 

LajB,  pi.  xzz. 

Greatest  oblique  diameter 
At  right  angles  to  above  . 

Hid.  (20mm.) 
i^iiL  (14  mm.) 

f  in.  (19  mm.) 
Hui.  (17  mm.) 

H  in.  (23  mm.) 

t  in.  (19  mm.) 



The  total  length  of  the  thalamus  I  was  unable  to  obtain.  •  It 
was  evidently,  however,  short,  and  the  deficiency  of  develop- 
ment appeared  to  affect  its  posterior  part ;  for  beyond  section 
46  (the  one  just  mentioned)  the  optic  thalamus  begins  rapidly 
to  dwindle,  while  normally  it  should  go  on  increasing.  No 
thalamus  is  to  be  seen  after  the  clear  appearance  of  the  superior 
peduncles  of  the  cerebellum,  the  substantia  nigra,  and  posterior 
white  commissure ;  nor  does  it  reach  more  than  ^  inch  farther 
back  than  the  nucleus  lenticularis.  The  pulvinar  portion  was 
therefore  abnormally  small.  The  nucleus  of  the  babenula  was 
well  developed  as  was  also  Luys'  nucleus  of  the  tegment. 

Corpus  callosum  totally  absent 

Anterior  commissure  in  all  respects  normal 

Posterior  commissure  normal 

Fornix  small,  but  in  other  respects  normal 

Internal  capsule  was,  as  one  would  expect,  extremely  re- 
duced in  size.  In  its  anterior  part  it  was  freely  bridged  across 
by  the  grey  connections  of  the  two  nuclei  of  the  corpus  striatum. 
In  its  middle  part  in  some  regions  it  could  hardly  be  said  to 
exist.  For  instance,  in  section  44,  the  yellow  nucleus  almost 
touches  the  optic  thalamus.  In  this  same  section,  however,  a 
not  inconsiderable  amount  of  white  matter  is  to  be  seen  lying 
above  the  yellow  nucleus. 

Many  other  points  in  the  anatomy  of  this  brain  remain  to  be 
worked  out,  and  I  have  set  aside  its  various  sections  with  the 
intention  of  cutting  some  of  them  into  square  blocks,  and  then 
into  sections  for  the  microscope.  But  undoubtedly  the  first 
importance  attaches  to  the  size  of  the  two  nuclei  of  the  corpus 
striatum.  These,  as  stated  above,  have  not  only  not  suffered  any 
diminution  in  volume  proportional  to  the  diminution  of  the 
cortex,  but  are  even  as  large  as  in  a  well-developed  brain.    This 
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appears  to  me  to  prove  absolutely  that  the  common  view  with 
regard  to  their  coonectioiis  and  functions  is  erroneous.  They 
cannot  be  connected,  on  the  one  hand,  with  the  cortex,  and,  on 
the  other  hand,  with  what  I  have  termed  the  basal  or  central 
grey  tube  (the  grey  matter  of  the  cord  and  base  of  the  brain) ; 
nor  can  they  be  functionally  middle-men  between  these  two  grey 
masses.  In  other  words,  the  introduction  into  Meynert's  scheme, 
which  is  an  attempt  at  an  anatomical  expression  of  the  current 
physiological  doctrines,  of  a  central  node,  is  contrary  to  evidence. 
Wernicke  (Leh/Hmch  der  Gehimkrank?ieiten)  has  introduced 
an  entirely  new  conception  of  the  anatomical  relations  of  the 
corpus  striatum.  On  the  ground  of  the  continuity  of  the  head 
of  the  nucleus  caudatus  with  the  grey 
matter  of  the  anterior  perforated  space, 
and  of  its  tail  with  the  cortex  of  the 
temporo-sphenoidal  lobe*  (fig.  2),  he 
regards  it  as  an  involuted  portion  of  the 
cerebral  cortex.  The  nucleus  lenticu- 
laris  is  inseparable  from  the  nucleus 
caudatus,  and  must  be  placed  in  the 
same  anatomical  category.  Several  ^^""'^  After  Wernicke. 
additional  arguments  might,  I  think,  be  adduced  in  favour  o( 
Wernicke's  view.  For  instance  (1)  as  remarked  by  Cuvier,  the 
bird's  cerebrum  consists  almost  entirely  of  corpus  striatum. 
This  does  not  of  necessity  disprove  the  current  view  that  this 
organ  is  a  centre  of  reflex  action  inferior  in  value  to  the  cortex, 
but  unless  the  corpus  striatum  be  of  the  same  morphological 
and  functional  value  as  the  cortex,  birds  must  differ  from  mam- 
mals in  being  almost  devoid  of  that  highest  part  of  the  central 
nervous  system,  in  which  (in  mammals)  we  have  reason  to  believe 
consciousness  and  volition  resida  (2)  The  nucleus  amygdaleus, 
a  not  inconsiderable  structure,  and  deserving  of  a  good  deal 
more  attention  at  the  hands  of  anatomists  than  it  has  hitherto 
received,  is  undoubtedly,  from  its  connections  and  development 
a  portion  of  the  cortex.  In  minute  structure  it  resembles  the 
corpus  striatum.  (3)  The  optic  thalamus,  as  I  have  attempted 
to  prove   elsewhere,^  develops  in  the  same  way,  and  has  the 

^  The  Plan  of  the  Central  Nervous  System :  a  thesis  for  the  degree  of  M.D.  in 
the  Uniyersity  of  Cambridge.     Deighton  &  Bell,  Cambridge,  1885. 
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same  connections  as  the  rest  of  the  grey  matter  surrounding  the 
neural  canal.  This  grey  matter  throughout  the  whole  of  the 
cord  and  the  hind  and  mid-brain  is  entirely  used  up  in  forming 
the  primary  centres  of  the  motor,  visceral,  and  sensory  nerves. 
There  is  no  reason  to  suppose  that  the  optic  thalamus  makes  a 
departure  from  this  rule.  It  appears  to  me  to  consist  of  the 
primary  centres  of  the  optic  and  olfactory  nerves.  Like  the 
other  primary  centres  it  is  developed  from  a  layer  of  cells  lying 
immediately  on  the  outside  of  the  epithelium  of  the  neural 
canal,  and  gives  rise  by  its  cell-processes  to  the  white  fibres  with 
which  it  is  surrounded,  and  from  which  presumably  the  optic 
and  olfactory  nerves  are  derived.  Its  peculiar  isolation  depends 
upon  the  fact  that  no  motor  nerve  arises  from  the  fore-brain. 
In  minute  structure  it  resembles  the  sensory  grey  matter  of  the 
cord.  A  marked  feature  in  the  development  of  this  grey  matter 
is  its  being  built  up  around  a  small  cell  formation,  which  after- 
wards becomes  the  substantia  gelatinosa  of  Bolando.  Lowe 
{Entvnckdv/riggeschichte  des  Nervensystems,  vol.  i  p.  102)  has 
shown  that  this  tissue  is  to  be  found  in  the  "  centre  median  "  of 
Luys  of  the  optic  thalamus.  The  corpus  striatum  belongs  to 
quite  a  different  part  of  the  central  nervous  system,  being  de- 
veloped, not  in  the  primary  wall  of  the  neural  canal,  but  in  the 
wall  of  a  vesicular  outgrowth  from  its  anterior  part  (the  cerebral 
hemisphere).  There  is  no  reason  to  believe  that  the  grey  matter 
of  the  central  tube  is  continued  into  these  vesicles  any  more 
than  that  nerves  primarily  arise  from  these  vesicles,  and  conse- 
quently need  their  primary  centres  within  them.  In  other 
words,  the  optic  thalamus  belongs  to  an  order  of  structures 
unrepresented  in  the  cerebral  hemispheres;  to  what  is  essentially 
the  basal  part  of  the  central  nervous  system,  the  part  in  im- 
mediate connection  with  the  peripheral  nerves.  The  old  group 
of ''  basal  ganglia  '*  being  thus  broken  down,  the  corpora  striata 
are  either  a  part  of  the  cortex  or  masses  of  grey  matter  not 
elsewhere  represented  in  the  system.  The  former  hypothesis  is 
in  all  respects  the  most  probable. 

We  may  look  upon  the  basal  part  of  the  central  nervous 
system,  or,  as  I  prefer  to  call  it,  having  regard  to  its  develop- 
ment, the  "  central  grey  tube,"  as  consisting  of  cells,  the  fibres 
of  which  constitute  the  peripheral  nerves.    The  various  con- 
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sideratious  urged  above  show  that  there  is  do  reason  for  separ- 
ating the  optic  thalami  from  the  rest  of  the  central  grey  tube. 
On  the  other  hand,  there  is  no  reason,  either  phylogenetic  or 
ontogenetic,  for  considering  the  corpora  striata  as  a  part  of  the 
central  grey  tube ;  on  the  contrary,  there  are  many  reasons  for 
looking  upon  them  as  belonging  to  the  same  system  as  the 
cerebral  cortex.  If  they  are  not  of  the  same  morphological 
value  as  the  cortex,  as  Wernicke,  with  good  reason,  I  believe, 
considers  them,  and  if,  therefore,  the  cerebrum  contains  two  grey 
masses  of  different  morphological  value — at  any  rate,  our  idiot's 

BRAIN  PROVES  THAT  THE  CORPORA  STRIATA  ARE  NOT  SUBSER- 
VIENT TO  THE  CORTEX. 

I  am  aware  that  it  would  be  in  accordance  with  the  past  his- 
tory of  the  treatment  which  the  brain  has  received  to  escape 
from  the  conclusion  just  formulated  by  supposing  that  the 
corpora  striata,  although  normally  the  servants  of  the  cortex, 
may,  in  its  absence,  assume  higher  functions  and  vicariously 
take  its  position ;  but  this  is  a  subterfuge  too  preposterous,  as  it 
appears  to  me,  to  be  seriously  discussed.  Only  our  ignorance  of 
the  real  structure  and  functions  of  the  different  parts  of  the 
brain,  and  the  mystery  which  in  consequence  enshrouds  it,  would 
induce  any  one  to  hazard  such  a  suggestion.  The  structure  of 
the  corpus  striatum  is  very  different  from  that  of  the  cortex 
taken  as  a  complex  whole.  The  same  elements  may  be  found  in 
both,  but  some  of  those  found  in  the  cortex  are  absent  from  th^ 
corpus  striatum,  and  certainly  the  arrangement  of  different 
elements  found  in  the  former  is  in  no  way  represented  in  the 
latter.  Although  we  know  nothing  of  the  value  of  these  pecu- 
liarities of  brain  structure  we  do  know,  at  any  rate,  from  our 
experience  of  the  body  at  large,  that  they  indicate  a  wide  diver- 
sity of  function. 

If  Wernicke's  theory  that  the  corpus  striatum  is  an  involuted 
portion  of  the  cortex,  and  my  theory  that  the  optic  thalamus 
belongs  to  the  central  grey  tube  be  adopted,  the  following  ques- 
tion will  necessarily  present  itself  to  us : — Are  there  any  portions 
of  the  central  nervous  system  which  belong  neither  to  the  cen- 
tral grey  tube,  which  consists  of  the  primary  metameric  centres 
of  the  nerves,  nor  to  the  peripheral  grey  tube  which  contains 
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elements  of  the  connections  of  which  we  know  little,  except  that 
they  are  not  primarily  or  directly  united  with  either  afferent  or 
efferent  nerves  ? 

For  a  long  time  the  central  nervous  system  has  been  viewed 
as  consisting  of  three  strata  of  grey  matter  connected  together 
by  two  sets  of  white  fibres.  (1)  There  is  the  grey  matter  of  the 
cord  and  medulla,  which  receives  the  fibres  of  all  the  peripheral 
nerves  except  the  first  and  second,  and  is  connected  by  means  of 
the  white  matter  of  the  cord  with  (2)  the  corpora  striata  and 
optic  thalami,  which  "  basal  ganglia "  are  again  connected  with 
(3)  the  cortex  by  means  of  the  corona  radiata. 

Flechsig  has  shown  by  embryological  methods,  and  numerous 
observations,  pathological  as  well  as  anatomical  and  experimental, 
have  placed  the  matter  beyond  the  possibility  of  doubt,  that  a 
considerable  portion  of  the  fibres  from  the  cortex  pass  through 
the  internal  capsule  to  the  crura  without  forming  any  connections 
with  the  "basal  ganglia."  Wernicke  has  contended,  and  all 
appearances  are  in  his  favour,  that  none  of  the  fibres  that  travel 
from  the  cortex  into  the  crura  are  broken  in  the  corpus  striatum 
(nucleus  caudatus).  It  is  impossible,  therefore,  that  Meynert's 
projection  scheme  can  hold  absolutely,  and  be  the  only  expres- 
sion of  the  relation  to  one  another  of  the  several  constituents  of 
the  central  nervous  system,  and,  for  my  own  part,  I  feel  com- 
pelled to  secede  from  this,  which  has  hitherto  been  the  dominant 
view  as  to  their  relationship.  It  is  necessary,  however,  to 
consider  whether  the  allocation  of  the  corpora  striata  to  the 
cortex  system,  and  of  the  optic  thalami  to  the  central  grey  tube, 
makes  it  necessary  for  us  to  abandon  the  conception  of  a  tri- 
partite plan  in  the  arrangement  of  the  elements  of  the  central 
nervous  system,  and  replace  it  by  the  conception  of  a  dual  plan. 
Are  there  no  other  grey  masses  which  may  be  looked  upon  as 
nodes  between  the  cord  and  the  cortex  ? 

Psychologists  have  demanded  a  halting  place  for  both  sensory 
and  motor  impulses.  It  is  my  contention,  however,  that  the 
varieties  of  reflex  action  would  be  no  easier  to  classify  were  such 
a  view  of  the  constitution  of  the  system  borne  out  by  anatomical 
evidence.  Further,  I  maintain  that  every  entering  and  issuing 
nerve-fibre  has  a  primary  centre  (connection  with  a  cell,  process- 
felt-work,  or  what  not)  in  its  own  metamer,  and  that  all  the  grey 
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matter  which  is  developed  immediately  beneath  the  epithelinm 
lining  the  central  canal,  and  its  dilatations  into  the  three  cerebral 
vesicles,  is  required  to  afford  sufficient  material  to  allow  of  this 
plan  being  carried  out.  I  therefore  find  the  system  to  separate 
naturally  into  two  parts,  the  one  developed  on  the  iTiside,  the  other 
on  the  o^itside  of  the  involuted  epiblastic  tube.  The  one  comprising 
all  the  grey  matter  of  the  cord,  medulla  (exc.  the  olives),  pons, 
mid-brain  around  the  aqueduct  of  Sylvius,  and  fore-brain  on  the 
sides  and  floor  of  the  third  ventricle ;  the  other  the  cortex  of  the 
cerebellum,  corpora  quadrigemina  and  cerebrum.  The  former 
connected  with  the  peripheral  nerves,  the  latter  connected  with 
the  former  by  the  white  fibres  of  the  intermediate  zone.  The 
central  grey  tube,  the  first  to  arise  in  the  vertebrate  sub- 
kingdom,  and  found  in  every  metamer  of  the  body,  from  the 
anterior  cerebral  vesicle  which  belongs  to  the  prseoral  segment 
to  the  sacral  cord,  the  peripheral  grey  tube  increasing  in  size  and 
complexity  as  we  ascend  the  animal  scale. 

In  each  system  numerous  commissural  fibres  arc  to  be  found 
connecting  its  several  parts.  It  is  not  possible  on  anatomical 
evidence  to  assert  that  no  fibres  pass  directly  from  sensory 
nerves  to  cortex  without  interruption  at  the  central  grey  tube, 
although  it  is  quite  justifiable  to  make  a  similar  assertion  with 
regard  to  the  relations  to  the  cortex  of  motor  nerves.  Compli« 
cations  have  arisen  in  the  connections  of  the  optic  and  olfactory 
nerves,  owing  to  the  peculiar  mode  of  growth  which  they  have 
adopted,  which  bring  them  apparently  into  immediate  connection 
with  the  cortex.  I  shall  hope  to  show,  however,  later  on,  that  an 
immediate  connection  does  not  actually  exist,  for  a  portion  of 
the  substance  of  the  central  grey  tube  has  become  detached  and 
lodged  in  the  retina  and  olfactory  bulb.  These  nerves  arise  as 
hollow  outgrowths  of  the  anterior  cerebral  vesicle.  Into  their 
vesicles  the  epithelium  lining  the  primitive  neural  canal  is  pro- 
longed.- Immediately  outside  the  epithelium  is  developed,  in 
the  olfactory  and  optic  vesicles  as  elsewhere,  the  grey  matter  of 
the  central  tube.  A  portion  of  this  tube  is  thus  located  peri- 
pherally in  the  olfactory  bulb  and  retina.  The  olfactory  and 
optic  nerves  still  have  their  primary  centres  in  the  grey  matter 
lying  on  the  sides  of  the  third  ventricle  (the  optic  thalami),  but 
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their  connections  with  the  cortex  via  this  grey  matter  are  obscared 
by  the  presence  peripherally  of  some  of  the  elements  which  else- 
where are  incorporated  with  it.  The  fact,  however,  that  these 
two  nerves  are  formed  as  hollow  outgrowths  shows  that  we  have 
to  do  with  secondary  adaptive  processes.  These  nerves  are  not 
par  excellence  parts  of  the  brain.  All  the  nerves  of  special  sense 
were,  I  imagine,  originally  branches  of  segmental  nerves,  dis- 
tributed to  sense  organs,  arranged  in  series,  one  to  each  segment, 
and  in  the  vertebrate  prototype  of  equal  low  value.  They  arose, 
it  is  needless  to  remark,  as  processes  of  the  cells  of  the  central 
grey  tube,  the  peripheral  tube  which  is  confined  to  the  anterior 
dilatations  of  the  neural  axis  not  being  then  is  existence.  As 
the  sense  organs  at  the  anterior  extremity  of  the  body  grew  in 
size  and  in  structural  specialisation,  it  was  found  advantageous, 
for  the  sake  of  their  better  nutrition  and  more  immediate  con- 
nection with  the  brain,  that  they  should  arise  as  hollow  out- 
growths. The  optic  nerve  remains  in  its  original  position  with 
regard  to  the  fore-brain,  and  has  returned  in  constitution  to  a 
solid  bundle.  The  olfactory  nerve  remains  in  the  condition  of  a 
hollow  outgrowth,  perpetuating  thus  a  stage  through  which  the 
optic  nerve  has  passed.  Certain  elements,  however,  which  are 
elsewhere  found  in  the  ganglia  of  the  posterior  roots,  and  in  the 
sesthesodic  region  of  the  cord,  remain  in  the  retina,  as  in  the 
.olfactory  bulb,  at  a  distance  from  the  rest  of  the  central  grey 
tube.  The  olfactory  nerve,  as  shown  by  Marshal],^  is  first  to  be 
seen  arising  in  quite  normal  fashion  from  the  anterior  cerebral 
vesicle.  By  a  secondary  process,  however,  it  becomes  involved 
in  the  margin  of  the  cerebral  mantla  Possibly  it  actually  comes 
to  form  a  part  of  the  prosencephalon,  although  this  is  not  by  any 
means  such  a  matter  of  certainty  as  is  generally  supposed. 
There  is  no  need,  however,  to  call  it  a  "  rhinencephalon,"  for  it 
is  no  more  a  part  of  the  brain  than  is  the  optic  nerve. 

In  order  to  make  clear  the  relation  of  the  olfactory  and  optic 
to  other  nerves,  it  will  be  necessary  to  discuss  for  a  moment  the 
nature  of  the  elements  found  in  their  peripheral  organs,  the 
retina  and  olfactory  bulb,  which  appear  at  first  sight  to  mark 
them  off  as  of  different  morphological  value. 

« 

1  Qttart.  Joum.  Micros.  Science,  July  1879.     See  also  Balfoar,  Comparative 
Emhryoloffy,  toL  ii.  pp.  336  and  382. 
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It  is  very  generally  recognised  that  of  the  several  layers  which 
constitute  tlie  retina,  the  layer  of  rods  and  cones  with  their 
nuclei  (in  the  outer  nuclear  layer)  are  of  epithelial,  the  other 
layers  of  neural  standing.  This  position  was  first  adopted  by 
Kolliker,  and  appears  bo  be  unassailable.  The  fact  that  in  the 
case  of  the  organ  of  vision  the  terminal  elements  are  derived  (in 
higher  animals)  from  the  involuted  epiblast,  while  those  of  all 
the  other  sense  organs  are  derived  from  general  epiblast,  as  well 
as  the  fact  that  this  transposition  actually  occurs  in  invertebrata, 
shows  us  that  general  epiblast  and  involuted  epiblast  differ  from 
one  another  by  very  little  in  value. 

The  nervous  elements  of  the  retina  are  arranged  in  three 
strata — the  inner  nuclear,  inner  molecular,  and  ganglion  cell- 
layers  respectively.  The  nerve  filaments,  therefore,  which  com- 
mence in  the  epithelial  elements,  are — (1)  connected  with  the 
bipolar  cells  of  the  inner  nuclear  layer ;  (2)  they  break  up  in 
the  reticulum  of  the  molecular  layer  from  which  are  derived  the 
processes  of  (3)  the  ganglion  cells.  In  each  ganglion  cell  a  num- 
ber of  grey  filaments  are  associated  to  pass  to  the  brain  in  a 
single  medullated  fibre  of  the  optic  nerve. 

Although  I  have  not  yet  published  in  detail  the  observations 
upon  which  my  conclusions  are  based,  I  have  asserted,  in  my 
thesis  already  referred  to,  that  the  same  elements  are  to  be 
found  in  the  olfactory  bulb  as  in  the  retina,  and  that  they  are 
similarly  arranged.  The  filaments  derived  from  the  cells  of  the 
olfactory  epithelium,  which  in  many  animals — the  Triton,  for 
example — so  closely  resemble  the  rods  and  cones  with  their  nuclei 
of  the  retina,  pass — (1)  into  the  bipolar  cells  with  conspicuous 
round  nucleolated  nuclei  of  the  stratum  granulosum ;  (2)  break 
up  in  the  reticulum  of  the  stratum  gelatinosum ;  (3)  are  asso- 
ciated by  the  cells  of  the  stratum  vesiculosum  into  the  fibres  of 
the  external  olfactory  root,  which  is  the  true  olfactory  nerve,  as 
far  as  homology  with  the  only  similar  nerve  the  optic  is  con- 
cerned. 

The  analogy  between  the  olfactory  bulb  and  the  retina,  as 
shown  in  their  development,  has  been  remarked  by  Luys  and 
Meynert,  but  the  exact  homology  of  their  several  strata,  and  the 
identity  in  the  connections  of  the  olfactory  filaments,  have,  as 
far  as  I  am  aware,  not  been  hitherto  suspected.    In  both  cases 
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a  bipolar  cell  is  first  inserted  in  the  coarse  of  the  filament,  then 
the  filament  breaks  up  into  a  nerve  reticulum,  from  which  are 
again  derived  the  basal  processes  of  the  ganglion  cells.  In  the 
case  of  the  olfactory  nerve,  this  process  is  not  entirely  restricted 
to  the  bulb,  but  goes  on  also  to  a  certain  extent  in  the  hippo- 
campus. 

My  view  of  the  connections  of  all  sbnsobt  nerves  with  the 
central  nervous  system  is  that  they  undergo  in  the  first  in- 
stance THIS  THREEFOLD  INTERRUPTION — (1)  IN  BIPOLAR  CELLS; 
(2)  IN  RETICULUM  ;  (3)   IN  MULTIPOLAR  CELLS. 


/(§\  spiftcLl  ^^99  aliens 
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Fio.  8. — ^Diagram  of  the  anterior  part  of  the  central  grey  tube,  indicating  the 
relation  of  the  optic  thalamna  to  the  grey  matter  of  the  cord.  The  ssthe- 
sodic  portion  of  the  grey  matter  is  represented  as  lying  above,  the  kinesodie 
portion  below,  the  central  canal.  The  sensory  fibres  of  a  spinal  nerve,  after 
their  connection  with  a  cell  of  the  root  ganglion,  pass  into  the  substantia 
gelatinosa  Rolandi,  in  which  they  break  up  into  a  reticulum.  From  the 
reticulum,  fibres  are  collected  by  the  multipolar  cells  of  the  posterior  horn. 
In  the  case  of  the  first  and  second  cranial  nerves,  reticulum  and  multipolar 
cells,  as  well  as  bipolar  cells,  are  situate  at  a  distance  from  the  brain  in  the 
olfactory  bulb  and  retina  respectively. 

In  the  cord  and  medulla  the  substantia  gelatinosa  Bolandi 
appears  to  me  to  have  exactly  the  same  constitution  as  the 
substances  termed  molecular  and  gelatinous  in  the  retina  and 
olfactory  bulb.  Further,  the  cells  of  the  ganglia  on  the  posterior 
roots  are  in  fishes  bipolar  and  very  similar  in  appearance  to  the 
bipolar  cells  of  the  nuclear  and  glomerular  layers,  and  it  appears 
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to  me  obvious  that  in  fiehes  at  any  rate  the  sensory  fibres  of  the 
spinal  nerves,  after  passing  through  a  bipolar  cell,  break  up  in 
the  abundant  substantia  gelatinosa,  from  which  are  again  derived 
the  processes  of  the  celk  of  the  posterior  horn.  In  the  lower 
members  of  the  vertebrate  series,  therefore,  the  difference  between 
the  first  two  and  succeeding  nerves  is  merely  in  the  position  of 
the  elements  of  the  central  grey  tube  which  belongs  to  them. 

That  a  uniform  plan  should  be  adopted  for  all  sensory  nerves, 
and  throughout  the  whole  vertebrate  sub-kingdom,  appears  to  me 
in  the  highest  degree  probable ;  bat  at  present  at  any  rate 
the  cells  of  the  spinal  root  ganglia  are  difficult  to  place  in  proper 
relation  to  the  sensory  nerves.  That  they  are  connected  with 
the  fibres  of  the  root  on  either  side  of  them  appears  to  me  to  be 
placed  beyond  all  doubt  by  the  results  of  section.  A  nerve  Jiire 
Ofdy  dies  when  it  is  cvi  off  from  the  cell  of  which  it  is  a  process.  As 
is  well  known,  in  whatever  part  the  root  is  cut,  those  portions  of 
the  sensory  fibres  which  remain  in  connection  with  the  ganglion 
retain  their  vitality — the  others  die. 

The  nature  of  this  connection  is  not  properly  understood.  By 
various  observers  the  cells  have  been  described  as  unipolar  (or 
even  apolar),  and  the  view  has  been  largely  adopted  that  the 
fibres  connected  with  them  have  a  peripheral  course  only — a 
view  which  appears  to  be  primd  fade  absurd.  We  have  no 
analogy  for  supposing  that  fibres  may  commence  in  ganglion 
cells  and  course  away  from  the  central  system,  nor  can  we 
conceive  of  the  use  of  such  an  arrangement.  Various  attempts 
have  been  made  to  settle  this  question  by  counting  the  fibres  on 
each  side  of  the  ganglion,  but  such  observations  have  yielded 
contradictory  results  owing  to  different  animals  being  used.  In 
some  animals  a  condensation  of  sensory  fibres  certainly  occurs  at 
the  ganglion — ^more  fibres  being  connected  with  it  peripherally 
than  centrally.  Nor  are  the  fibres  connected  with  the  cells 
small,  sympathetic,  vasomotor,  trophic,  or  what  not,  but  large, 
medullated,  sensory.  Again,  although  I  have  not  attempted  to 
compare  exactly  the  number  of  the  cells  in  the  ganglion  with 
the  number  of  sensory  fibres  in  the  root,  the  former  do  not  appear 
to  me  to  be  less  numerous  than  the  latter. 

Bawitz  ^  has  shown  that  the  discrepancies  in  the  accounts  of 

^  Archivfitr  Micros.  AncU,,  xzi.  p.  244. 
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the  form  of  the  ganglion  cells  depend  upon  the  differences  in 
different  animals.  In  cartilaginous  fishes  thej  are  bipolar,  in  all 
higher  animals  unipolar. 

Eanvier  ^  described  a  T  piece,  which,  leaving  the  single  pole 
of  the  cell,  rested  upon  the  sensory  fibre.  Retzius  *  corrected 
this  observation  bj  showing  that  the  two  limbs  of  the  T  ct^  i^ 
reality  its  dichotomous  branches,  and  that  one  is  the  sensory 
fibre  coursing  peripherally,  the  other  its  central  connection. 

Whatever  may  be  the  exact  plan  according  to  which  the 
fibres  of  the  sensory  nerves  are  connected  with  the  cells  of  the 
root-ganglia,  the  existence  of  a  direct  connection  appears  to  me 
indubitable.  The  simple  arrangement  which  obtains  in  the  fish 
(and  the  assumption  of  Bawitz  ^  that  the  root-ganglia  of  fishes 
are  not  homologous  with  the  root-ganglia  of  higher  vertebrates 
appears  to  me  most  unjustifiable)  is  modified  in  the  cases  of  the 
first  two  nerves  in  this  particular,  that  instead  of  the  bipolar 
cells  alone  being  found  outside  the  central  axis  (in  the  root- 
ganglia),  a  portion  of  the  reticulum,  and  some  of  the  associating 
cells,  are  also  peripheral  in  situation.  That  is  to  say,  that,  while 
in  the  case  of  a  spinal  nerve,  the  bipolar  cells  lie  in  the  root- 
ganglion,  the  reticulum  (substantia  gelatinosa  Bolandi)  and  the 
ganglion  cells  in  the  posterior  root,  all  three  sets  of  elements 
are  peripherally  situated  in  the  retina,  in  the  inner  nuclear, 
inner  molecular,  and  ganglion  cell-layers  respectively. 

The  peculiar  mode  of  outgrowth  of  the  first  two  nerves,  of 
course,  alters  considerably  the  relation  to  one  another  of  the 
two  grey  tubes  at  the  anterior  extremity  of  the  body.  The 
optic  thalamus  is  the  anterior  termination  of  the  posterior  cornu 
of  the  cotd.  It  contains,  however,  only  the  remnants  of  the 
substantia  gelatinosa  Bolandi,  for  although,  as  elsewhere,  in  the 
central  grey  tube,  this  is  a  conspicuous  part  of  it  during  its 
development  (Lowe  *),  and  is  permanently  represented  in  the 
"  centre  median  "  of  Luys,  it  is  largely  replaced  in  the  adult  by 
the  molecular  and  gelatinous  layers  of  the  retina  and  olfactory 
bulb  respectively.    Again,  this  accounts  for  the  fact  that  although 

'  Comptes  rendits,  1875,  No.  26. 

*  ArchivfUr  Anal,  und  Physiologic,    Anat  Abth.  1880, 
'  Loc,  cit. ,  p.  266. 

*  Beitrdge  zur  Anat.  u.  Entioicl;  des  Nervensysteins, 
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the  optic  and  olfactory  nerves  first  grew  out  as  processes  of  the 
cells  of  the  optic  thalamus,  and  although,  therefore,  the  thalamus 
must  permanently  remain  their  primary  centre,  it  is  not  impos- 
sible that  these  nerves  have  also  direct  cerebral  connections. 
The  cells  of  the  thalamus  are  no  doubt  very  largely  concerned 
in  receiving  the  commissural  fibres,  which  connect  the  centres 
of  the  first  two  with  the  centres  of  all  other  peripheral  nerves. 

In  the  latter  part  of  this  paper  I  have  digressed  somewhat 
from  the  subject  immediately  in  hand,  but  the  train  of  thought 
here  followed,  and  the  intercurrent  researches  to  which  it  has 
given  rise,  appear  to  me  to  be  the  necessary  results  of  the  con- 
sideration of  the  deficient  brain,  which  forms  the  subject  of  the 
paper. 

The  fact  that  in  this  brain  no  diminution  in  the  size  of 
the  corpora  striata  is  associated  with  cortical  deficiency 
proves  that  these  grey  masses  are  not  subservient  to  the 
cortex.  to  what  part  of  the  system  do  they  then  belong  ? 
Many  considerations  point  to  their  being  of  the  same  mor- 
phological VALUE  AS  THE  CORTEX.  If  THEN  THE  OLD  GROUP- 
ING OF  OPTIC  THALAMUS  WITH  CORPORA  STRIATA  IS  BROKEN  DOWN, 
WHAT  IS  THE  POSITION  OF  THE  FORMER  MASS  ?  It  CONTAINS  THE 
PRIMARY  CENTRES  OF  THE  FIRST  TWO  NERVES,  AND  CONSTITDTES 
THE  ANTERIOR  TERMINATION  OF  THE  i£STH£SODIC  REGION  OF  THE 
CORD. 


EXPLANATION  OF  PLATES  XIX.,  XX. 

Plate  XIX. — A,  Basal  view  of  the  brain  of  the  hydromicrocephalous 
idiot ;  By  lateral  ventricles  of  the  same  brain ;  C7,  body  of  the  idiot, 
showing  the  customary  attitude  and  position  of  the  limbs ;  Z>,  section 
cutter  described  on  p.  365. 

Plate  XX. — ^Three  typical  sections.  Section  28,  as  shown  by  the 
cross  line  in  fig.  1,  p.  367  ;  it  is  through  the  anterior  end  of  the  right 
nucleus  caudatus,  NO,  the  convex  anterior  surface  of  which  has  just 
been  cut  off,  and  the  solid  grey  nucleus  exposed.  Section  39,  between 
38  and  40,  and  section  45,  between  44  and  46  on  the  same  figure. 
The  lettering  on  the  plate  is  self-explanatory. 
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skin  were  noticed  on  sacrum,  buttocks,  and  ankles.     The  right  knee 
was  swollen. 
Some  measurements  were  taken — 

Inches. 
Head — Circumference,     .  .  .  .  .     18J 

From  ear  to  ear  opposite  to  external  auditory  meatus,    1 1 
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if 
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From  root  of  nose  to  occipital  protuberance, 
Across  forehead,    . 
From  tip  of  chin  to  top  of  forehead. 
From  line  drawn  from  tip  of  acromion  to  vertex 
of  skull. 
Thorax — Circumference  round  mammae, 
Pelvis — Circumference  round  anterior  superior  spines  of 

ilium,     . 
Length  of  arm,  about 

fore-arm,  about 
hand,  about 
thigh,  about 
leg,  about 
foot,  about 
Circumference  of  arm, 

around  middle  of  thigh, 
of  calf  of  leg, 
Genitals  were  fully  developed. 
As  he  lay  in  bed  his  length  was  about  2  feet  8  inches;  had  his  limbs 
been  extended  he  would  have  been  about  5  feet. 

A  correct  idea  of  his  deformities  could  only  be  obtained  from  a 
photograph  (Plate  XIX.,  C), 

His  limbs  were  fixed  in  the  flexed  position — ^palate  arched  and  cleft. 
Teeth  convergent  and  notched.  There  was  very  little  movement  in 
the  lower  jaw. 

He  was  an  illegitimate  child.  His  father  promised  to  marry  his 
mother,  but  subsequently  refused  and  deserted  her.  She  was  much 
depressed  in  consequence  ^hile  she  was  carrying  the  child.  There  is 
no  history  of  syphilis,  epilepsy,  or  drink  on  either  side.  The  mother 
is  apparently  a  healthy  woman,  has  since  married,  but  has  had  no 
children. 

After  he  came  to  the  asylum  he  seemed  as  if  he  missed  some  one  or 
something,  refused  his  food,  and  made  a  constant  discordant  noise.  In 
a  week  or  so  he  seemed  to  become  accustomed  to  his  attendant's  voice, 
and  then  took  his  food  more  freely.  The  attendant  would  say  to  him, 
"  Now,  Harry,"  the  boy  would  open  his  mouth,  just  as  young  birds 
may  be  seen  in  a  nest,  gaping  when  their  mother  brings  them  food, 
receive  the  contents  of  the  spoon  or  feeding  cup,  and  without  any 
apparent  effort  of  deglutition,  the  food  disappeared.  There  seemed  to 
be  no  interference  with  the  laiynx,  and  there  was  no  movement  of  the 
lower  jaw.  His  attendant  remarked  to  me,  and  not  without  reason — 
"  It's  like  pouring  water  down  a  pipe,  sir." 

His  food  consisted  of  milk  and  beef -tea  thickened  with  egg», 
arrowroot,  &c. 

VOU  XIX.  2  C 


384  ANATOMY  OF  A  HTDROMIGROCEPHALOUS  BBAIN. 

His  eyes  were  constantly  open,  either  staring  vacantly  or  rolHog 
from  side  to  side;  so  continuoasly  were  they  open  that  bis  night- 
attendant  said  "  he  slept  with  his  eyes  open." 

He  could  recognise  light,  as  I  have  at  night  passed  a  lantern  acroas 
his  eyes,  and  have  noticed  that  he  would  turn  them  in  whatever 
direction  the  light  might  take.  At  such  times  occasionally  a  smile 
would  pass  over  his  face. 

When  his  mother  visited  him  in  the  asylum  and  spoke  to  him,  he 
seemed  to  recognise  her  voice. 

When  he  was  "  wet "  or  '^  dirty,"  he  always  cried  out  and  would 
not  cease  until  he  was  changed.  He  required  constant  caie  and  watch- 
ing, like  an  infant 

His  attendant,  noticing  that  he  made  use  of  his  left  arm,^  placed  a 
small  stick  in  his  hand;  this  he  used  to  knock  against  the  top  of  his 
bed  for  hours  consecutively ;  were  the  stick  taken  from  him  be 
would  immediately  begin  to  cry.  If  he  were  crying,  and  the  stick 
were  placed  in  his  hand,  he  would  cease  and  appear  pleased. 

About  two  months  previous  to  his  death,  he  began  to  refuse  his  food, 
and  had  repeated  attacks  of  diarrhoea. 

The  disease  in  his  knee-joiut  increased,  and,  despite  all  efforts  to  stay 
it,  an  opening  came  into  t^e  joint.  The  abrasions  on  sacrum,  buttocks, 
and  ankles  turned  into  8u{)purating  sores,  and  there  was  a  copious 
discharge  of  pus  from  these  places.  He  now  vomited  his  food,  his 
ankles  became  oedematous,  his  strength  rapidly  faUed,  and  he  died 
quietly  on  the  1st  January  1883. 

^  I  have  dissected  both  anns,  bat  failed  to  find  more  than  a  slight  difference  of 
development  between  the  two  sides.  In  no  part  of  the  body  was  there  any  evi- 
dence of  arrest  of  development  The  muscles  were  small,  but  all  present  and  of 
normal  texture.  The  nerves  did  not  appear  to  me  smaller  than  they  nsnaUy  are 
in  a  man  of  bis  size.  As  noted  above,  some  of  the  joints  were  cuseaaed ;  the 
movements  of  all  the  others  were  limited.  A.  H. 


ON  THE  CORPUS  CALLOSUM  IN  THE  ADULT  HUMAN 
BEAIN.  By  D.  J.  Hamilton,  M.B.,  Professor  of  Pathological 
Anatomy,  University  of  Aberdeen.     (Plates  XXI.  XXII.) 

The  following  paper  comprises  an  account  of  the  origin  and 
destination  of  the  callosal  fibres  of  the  brain  in  the  adult.  The 
subject  is  one  on  which  I  ha^e  now  been  engaged  for  many  years, 
but,  with  the  exception  of  a  brief  communication  to  the  Royal 
Society,  of  date  February  23, 1884,*  I  have  refrained  from  pub- 
lishing an  account  of  my  researches  for  two  reasons — 1st,  be- 
cause I  was  unwilling,  although  I  have  long  been  persuaded  of 
the  truth  of  the  facts,  to  rush  into  print  with  views  which  to 
many  might  seem  too  heterodox  in  their  character  to  be  enter- 
tained in  the  absence  of  overwhelming  confirmatory  data ;  2nd, 
because,  however  convincing  the  evidence  in  support  of  these 
views  may  have  been,  as  derived  from  the  examination  of  the 
adult  brain,  it  could  never  be  conclusive  until  confirmed  in  the 
embryo  and  by  other  means  of  investigation.  It  is  only  lately 
that  I  have  had  leisure  to  undertake  the  study  of  the  embryonic 
corpus  callosum,  and  now,  having  found  in  it  sufficient  evidence 
to  confirm  what  exists  in  the  adult,  I  have  thought  it  proper  to 
place  the  main  conclusions  at  least  on  record,  leaving  any  deduc- 
tions from  them  to  the  future.  I  would  have  it  understood, 
however,  that  the  following  is  not  a  complete  exposition  of  the 
subject  It  would  be  useless  to  go  into  details  too  minutely, 
unless  a  greater  amount  of  illustration  were  available  than  is 
practicable  in  a  journal  such  as  the  present,  and,  even  in  this 
somewhat  superficial  account  of  the  vastness  of  the  callosal  con- 
nections, I  fear  the  description  may  suffer  for  the  above  reason. 
I  hope  at  soma  future  time,  however,  to  give  a  fuller  account 
of  the  whole  subject  than  is  possible  at  present 

Introductoey. 

The  almost  universal  idea  at  the  present  day  is  that  the 
corpus  callosum  is  a  commissure — that  it  is  composed  of  fibres 

^  Ptoc.  Roy,  Soc  London, 
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which  run  between  the  two  hemispheres,  thus  uniting  their 
cortical  centres,  and  so  bringing  corresponding  areas  on  the  twu 
sides  into  functional  harmony.  It  is  held  that  the  fibres,  which 
concentrate  in  the  corpus  callosum  from  the  cortex  of  one  side, 
spread  out  in  a  fan-shaped  manner  in  the  opposite  centrum 
ovale,  and  ultimately  become  attached  to  parts  of  the  cortex 
corresponding  in  situation  to  those  from  which  they  have  arisen. 
The  corpus  callosum,  it  is  said,  belongs  to  the  great  ''association" 
system  of  fibres,  by  which  the  functions  of  one  cortical  centre 
are  correlated  with  those  of  another.  It  is  the  inter-hemi- 
spherical commissure  of  the  upper  half  or  two- thirds  of  the 
brain ;  while  the  anterior  commissure  fulfils  a  similar  purpose 
between  parts  nearer  the  base. 

Such  a  theory,  at  first  sight,  seems  very  plausible,  and  in- 
deed it  has  met  with  almost  universal  acceptance  of  late  years. 
It  has  no  doubt  arisen  from  the  appearance  presented  by  the 
corpus  callosum  on  separating  the  hemispheres.     Its  fibres  are 
seen  apparently  running   transversely,  or  nearly  so,  on  the 
surface.    They  pass  into  the  hemispheres  on  each  side,  and  are 
lost  to  view.    It  has  even  been  said  by  Meynert  that  he  has  seen 
individual  fibres,  in  transverse  sections,  go  across  continuously 
from  one  cortex  to  that  opposite.     How  this  is  possible  I 
cannot  conceive,  because,  on  the  most  superficial  examination 
of  a  properly-prepared  section  of  the  brain,  it  is  self-evident  that 
the  fibres  do  not  lie  in  the  same  plane,  but  that  in  their  transverse 
course  they  intertwine,  and,  as  I  shall  show,  decussate  in  the 
most  complicated  manner.    If  one  only  considers  for  a  moment 
what  such  a  statement  means,  the  uselessness  of  attempting  to 
ratify  it  will  be  apparent.     It  means  that  a  fibre  may  continue 
to  run  in  the  same  plane  from  side  to  side  without  diverging 
more  than  a  fraction  of  a  micromillimetre.     The  mere  fact 
that  the  brain  is  never  exactly  of  the  same  size  on  both  sides 
would  preclude  the  possibility  of  seeing  such  a  fibre,  and,  as  a 
matter  of  experience,  I  have  found  that,  cut  a  perpendicular 
transverse  section  as  symmetrically  as  possible,  the  parts  on  the 
two  sides  never  exactly  correspond.     One  of  the  first  notions  to 
be  got  rid  of  in  studying  the  corpus  callosum  is  that  of  suppos- 
ing it  to  bje  possible  to  trace  a  single  fibre  continuously  from  one 
cortex  to  the  other,  or  indeed  past  the  middle  line.    It  is  only 
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by  following  oat  the  fibres  in  the  gross,  so  to  speak,  that  their 
origins  and  destinations  can  be  approximately  arrived  at,  and 
the  difficulty  of  accomplishing  even  this,  it  will  be  found,  is 
much  greater  than  might  bo  supposed. 

Against  the  commissural  theory  there  are  several  very  blatant 
facts,  which,  until  satisfactorily  explained,  should  make  one 
Iiesitate  in  accepting  it  as  proven.  If  the  one  cortex  is  so  inti- 
mately bound  to  the  other  by  this  huge  mass  of  white  matter, 
why  is  it  that  a  destructive  lesion  on  one  side  does  not  affect  the 
corresponding  region  on  the  opposite  ?  We  know  that  the  greater 
part  of  one  hemisphere  may  be  destroyed  in  adult  life  without 
there  being  any  participation  of  the  other,  but  if  such  an  inti- 
mate connection  does  pertain  between  the  two,  we  ought  surely 
to  anticipate  some  sympathetic  alteration  in  its  bulk.  It  may 
be  replied,  that  if  the  brain  is  fully  grown  such  a  response  of  the 
one  side  to  a  destructive  injury  of  the  other  is  not  neces- 
sarily to  be  expected.  The  parts  are  already  formed,  and 
the  callosal  fibres  are  not  subject  to  the  ordinary  laws  of  atrophic 
defeneration.  This  argument  is  conclusively  disproved  by  the 
fact,  that  in  childhood,  while  the  brain  is  still  growing,  a  partial 
destruction  or  microcephalic  condition  of  one  hemisphere  does 
not  materially  influence  the  bulk  of  the  opposite.  Through  the 
kindness  of  Dr  Eeid,  of  the  Aberdeen  Asylum,  I  some  time 
since  came  into  possession  of  the  brain  of  an  imbecile  woman 
over  fifty  years  of  age,  in  whom  the  cortex  of  the  first  and 
second  frontal  convolutions  was  entirely  destroyed.  She  had 
been  imbecile  from  infancy,  and,  from  the  state  of  the  arteries, 
it  seemed  as  if  their  occlusion  (probably  syphilitic)  had  been  the 
cause  of  the  deformity.  The  opposite  frontals,  however,  were 
of  natural  size,  and  did  not  exhibit  any  marked  deformity  or 
aberration  from  the  normal,  as  one  might  expect  in  such 
a  case.  Many  other  instances  of  the  same  phenomenon  are 
familiar  to  every  pathologist,  so  that  here  we  have  one  set  of 
facts,  which,  if  they  do  noi  disprove  the  commissural  theory,  at 
least  militate  against  it.  For  if  the  callosal  fibres  are  simply 
commissural  and  represent  the  processes  between  nerve  cells 
situated  in  opposite  hemispheres,  we  have  to  face  the  problem 
naturally  ensuing  from  such  a  case  as  I  have  mentioned, 
namely,  whether  it  is  possible  for  nerve  processes  to  continue  to 
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exist  unimpaired  while  their  nervous  connection  on  one  side 
is  destroyed,  and  when  they  have  been  functionally  inert  for  so 
many  years  ?  I  do  not  deny  the  possibility  of  this,  but  simply 
suggest  that  until  it  is  settled  in  the  affirmative,  we  ought  to 
pause  before  accepting  the  commissural  theory  as  it  is  generally 
understood. 

A  second  serious  objection  to  the  commissural  idea  is  that, 
physiologically,  destruction  of  one  side  of  the  brain  does  not 
interfere  materially  with  the  functions  of  the  opposite.  That  is  to 
say,  after  destruction  of  the  motor  or  sensory  centres  on  the  one 
side,  the  functions  of  the  opposite  are  not  necessarily  thrown  oot 
of  gear,  or  even  materially  disturbed,  unless  where,  as  in  the  case 
of  the  optic  nerves,  a  partial  decussation  exists  in  their  peripheral 
fibres.  The  facts  of  aphasia  might  lend  some  support  to  it,  but, 
even  here,  the  whole  phenomena  may  be  explained  by  a  partial 
decussation  taking  place  in  the  fibres  coming  from  the  aphasic 
centres,  before  their  entrance  into  the  trunks  of  the  oro-lingual 
nerves.  This,  I  think,  considered  in  the  light  of  what  we  know 
of  other  motor  paths,  seems  very  likely,  and  would  explain 
the  paretic  state  of  the  muscles  in  ordinary  aphasia  from  a 
one-sided  lesion.  I  hope  presently  to  show  that  the  anatomical 
substrata  of  aphasia  are  much  more  complicated  than  is  generally 
supposed. 

Another  argument  still  against  the  theory  that  the  corpus 
callosum  serves  to  combine  the  functions  of  the  two  sides  by 
acting  as  a  commissure  between  cortex  and  cortex,  is  that 
animals  which  do  not  possess  a  corpus  callosum,  or  in  which  it 
is  rudimentary,  are  capable  of  combined  action  just  as  much  as 
those  which  do  possess  it 

The  commissural  notion  regarding  the  corpus  callosum  has, 
however,  not  found  favour  throughout  all  time  in  the  eyes  of 
anatomists,  and,  curiously  enough,  some  of  the  older  anatomists, 
such  as  Willis  and  Steno,  have  taken  quite  a  dififerent  view  of 
its  significance.  Willis,  in  his  dissertation  on  the  anatomy  of 
the  brain,^  has  the  following  passage  regarding  it: — ^''Cere- 
brum hujusmodi  Anfractibus  quasi  liris  et  sulcis  exaratum. 
In  medio  diffinditur,  ac  veluti  in  dwo  HemisphcBria  dirimitur; 
utrseque  tamen  medietates  conveniunt,  et  quasi  fundantur  in 

'  Opera  (Wiwia,''p.  6,  Amsterdam,  1688. 
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Bttbstantia  similari  albissima,  quae  totam  cerebri  molem  interins 
obdacit,  ac  qaasi  concamerat  Haec  durior  quam  alia  qusevis 
cerebri  portio  existit ;  cumqiie  omnio  medallaris  fuerit,  omnes 
omninm  ADfractnum  medullas  in  se  recepit,  iisque  tauquam 
baseos  communis  loco  est.  In  utroque  cerebri  Hemispbeerio^ 
circa  partes  anteriores  hoc  corpus  eallasumy  sive  substantia 
medullaris,  supra  quam  in  alio  quovis  loco  longe  crassior  et 
spissior  evadit;  atque  ibidem  meduUsd  oblongatae  apicibus 
utrobique  affigitnr ;  ab  istis  apicibus  tanquam  ortu  suo,  medul- 
laris  haec  substantia  cerebrum  obducens,  et  concamerans,  versus 
posteriora  expanditur,  ac  sensim  in  crassitie  minuitur ;  demum 
hujus  expansi  limbus  exterior  arctius  contrahitur  ac  inferins 
meduUae  oblongatsB  caudici  (uti  modo  innuitur)  membranorum 
et  vasorum  nexu  conjnngitur."  Although  the  idea^  of  the 
structure  and  functions  of  the  brain  in  Willis'  time  must  have 
been  very  crude,  yet  from  the  above  quotation  it  is  evident 
that  he  did  not  regard  the  corpus  callosum  as  an  inter-hemi- 
spherical commissure  in  the  sense  in  which  the  term  is  em- 
ployed at  the  present  day,  but  rather  as  a  meeting  point  or 
decussation  of  the  peduncles  of  the  medulla  oblougata,  from 
which  fibres  radiated  into  the  surrounding  medulla  of  the  hemi- 
spheres. 

Foville,  in  his  atlas,^  has  some  very  remarkable  drawings  of 
the  corpus  callosum.  Allowing  for  a  certain  amount  of  artistic 
license  in  their  production,  it  is  nevertheless  perfectly  evident 
that  he  had  seen  appearances  which  I  believe  are  not  artificial, 
and  which  are  deserving  of  much  more  attention  than  they 
have  met  with.  He  mad&  the  preparations  from  which  the 
plates  were  taken  by  inserting  the  finger  between  the  corpus 
callosum  and  gyrus  fornicatus,  and  drawing  it  roughly  back- 
wards and  forwards.  The  cerebral  mantle  has  then  been  drawn 
aside,  and  the  corpus  callosum  exposed.  In  the  whole  of 
these  drawings  it  will  be  noticed  that  on  each  side  the  callosal 
fibres  arch  at  first  pretty  acutely  upwards,  and  subsequently 
turn  downwards  towards  the  situation  of  the  inner  capsule. 
As  I  hope  to  show,  this  course  of  the  callosal  fibres  on  each 
side  is  what  actually  exists,  and  is  no  mere  creation  of  the 

*  TraiU  eomplet  de  V Anatomies  Ac,  1844,  first  part,  pi.  xv.,  pi.  xvi.  fig.  2,  pi. 
xvii  fig.  I,  and  pi.  xix.  fig.  1. 
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anatomist  Foville  used  to  be  called  a  "  fanciful "  anatomist, 
and  his  work  has  been  rather  despised  in  this  country.  How- 
eTer  fancifnl  he  may  have  been,  I  can  confirm  by  other  methods 
of  manipulation  what  he  has  figured  touching  the  course 
pursued  by  the  callosal  fibres. 

Gratiolet,  in  his  work  on  the  Nervous  System,^  expatiates  on 
the  beauty  of  Foville's  demonstration  of  the  corpus  callosum^and 
says  that  be  has  been  able  to  reproduce,  by  the  same  procedure, 
exactly  what  FoyiUe  described  and  figured  in  the  brains  of  man 
and  mammals.    His  words  are  the  following  (p.  175): — ''J'ai 
vu  exdcuter  et  j'ai  pu  reprodnire,  k  mon  tour,  la  preparation  de 
M.  Foville  et,  sauf  le  point  dont  j'ai  parl^,  le  r^ultat  qn'  on 
obtient  avec  lui  est  incontestabla    Ainsi,  suivant  le  mode  de 
preparation,  le  corps  calleux  est  tantdt  une  commissure  transver- 
sale  entre  les  deux  hemispheres,  et  tantdt  une  voftte  unis8ant,en 
un  mSme  syst^me,  les  deux  couronnes  radiantes."      He  thus 
regards    the    corpus  callosum  as  composed  of   two  separate 
systems  of  fibres,  the  one  comprising  those  bundles  passing  from 
the  corona  radiata  to  the  opposite  hemisphere,  the  other  those 
fibres  passing  from  cortex  to  cortex  between  the  two  hemispheres. 
Through  the  corpus  callosum,  in  this  way,  the  one  hemisphere 
would  be  placed  in  communication  with  the  opposite  side  of  the 
body. 

These  researches  of  Willis,  Foville,  and  Gratiolet  were  con- 
ducted in  a  very  rough  manner,  so  much  so,  that  anything  like 
clear  proof  of  their  assertions  could  never  be  obtained.  Still  I 
hold  that  undoubtedly  they  have  foreshadowed  the  truth ;  and 
although  the  result  has  been  only  an  approximate  to  the  whole 
truth,  yet  it  forms  an  indication  that  they  had  been  led  to 
suspect  that  the  supposed  commissural  nature  of  the  corpus 
callosum  is  doubtful.  Up  till  the  time  when  I  made  out  the 
following  facts,  I  was  unaware  of  what  the  anatomists  just 
referred  to  had  written  on  the  subject,  and  it  was  all  the 
more  pleasurable  to  find  afterwards,  on  inquiring  into  the 
matter,  that  they  had  proceeded  so  far  in  the  same  line  of 
inquiry  as  myself,  and  that  their  conclusions,  in  part  at  least, 
coincided  with  my  own. 
Methods  Eirvploycd, — Perhaps  it  might  be  thought  proper  that  I 

^  AtuUomie  comparie  du  SyaUme  NerveuXt  1889-57,  vol.  ii 
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should  explain  the  techniqtie  of  the  methods  I  employ  before 
detailing  the  results  of  the  inquiry.  To  this  I  may  reply  that  I 
have  resorted  to  almost  every  available  means  of  getting  at  the 
course  of  the  callosal  fibres,  so  far  as  macroscopic,  microscopic,  and 
(if  I  may  be  allowed  to  coin  a  word  to  express  another  method 
of  examination)  mezzoscopic  examination  goes.  The  technique  of 
the  mezzo9capic  part  of  the  investigation  I  have  already  recorded 
in  Brain  for  July  1883.  I  still  adhere  to  the  procedure  de- 
scribed in  that  paper,  with  some  minor  alterations,  which  render 
the  various  stages  of  the  process  simpler,  and  which  afford  much 
better  results.  The  principle,  however,  of  the  process  is  alike, 
namely,  that  of  the  enlargement  and  definition  of  sections  of  the 
entire  brain  by  the  action  of  gelatine  and  potash.  The  prepara* 
tions  obtainable  by  this  process  are  of  extreme  beauty,  and  far 
excel  in  definition  those  prepared  by  any  other  means  with  which 
I  am  acquainted.  As  just  said,  the  process  has  the  effect  of 
stretching  the  section  of  brain  substance  to  a  much  greater  size 
than  it  normally  possesses ;  that  is  to  say,  from  a  third  to  twice 
its  original  dimensions,  so  that  when  examined  with  a  simple 
lens  the  course  of  most  of  the  nerve  tracts  can  be  followed 
with  great  accuracy.  The  sections  require  to  be  made  through 
the  entire  organ,  a  preparation  of  one  part  only  not  being 
sufficiently  demonstrative  of  the  mutual  connections  of  surround- 
ing parts.  They  must  be  made  in  different  planes,  and  each  must 
be  labelled  at  the  time  it  is  cut,  so  that  the  whole  series  can 
be  replaced  in  proper  order.  The  process  took  me  several 
years  to  evolve,  but  the  results  are  so  satisfactory  that  I  do  not 
grudge  the  time  expended  upon  it 

It  must,  however,  be  remembered  that  it  is  not  from  one  brain 
that  final  conclusions  are  to  be  drawn.  For  various  reasons 
several  must  be  employed,  even  when  the  plane  of  section  is  alike. 
These  are  chiefly,  first,  that  in  order  to  place  the  segments  of 
brain  tissue  in  the  freezing  microtome  they  must  be  cut  from 
half  an  inch  to  an  inch  thick,  and  consequently  at  the  various 
points  of  section  there  must  always  be  some  deficiencies  in  the 
series.  A  second  reason  is  that  the  slightest  alteration  in  the 
antero-posterior  axis  of  the  brain  in  cutting  these  gross  segments 
causes  very  considerable  divergence  in  the  appearance  of  the 
future  sections.    As  illustrative  of  this  I  may  refer  to  the 
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variability  in  the  appearance  of  the  band  of  Yicq  d'Azyr.  It 
can  hardly  be  recognised  as  the  same  structure  when  only  a  very 
slight  deviation  is  made  in  the  position  of  the  antero-posterior 
axis  of  the  brain  in  cutting  pieces  of  proper  thickness  for 
introduction  into  the  freezing  microtome.  At  one  time  it  is 
seen  as  a  thin  band  cut  cross-wise ;  at  another  it  appears  larger 
from  being  obliquely  cut ;  while  in  a  third  its  whole  course  is 
displayed  from  the  corpus  albicans  upwards.  Cut  two  brains  as 
accurately  as  one  may  into,  say,  eight  or  ten  equal-sized  seg^ 
ments,  in  exactly  similar  localities,  there  will  be  none  of  the 
corresponding  cut  surfaces  in  the  two  quite  alike.  Hence  to 
draw  fair  and  jast  conclusions  it  is  necessary  to  have  a  large 
supply  of  brains  at  command,  prepared  by  different  methods,  in 
accordance  with  the  particular  object  to  be  aimed  at.  I  shall 
begin  the  description  of  the  corpus  callosum  with  the  macroscopic 
examination. 

The  Callosal  Tract  as  seen  with  the  naked  Eye. 

If  afresh  human  brain  be  cut  transversely  in  a  perpendicular 
plane  the  corpus  callosum  is  seen  to  be  simply  a  white  mass  of  me- 
dullary substance  stretching  from  one  hemisphere  to  another,  and 
a  very  short  way  external  to  the  point  where  the  gyrus  fomicatus 
and  it  abut  upon  each  other,  it  is  impossible  to  trace  its  further 
course  into  the  centrum  ovale.  Its  fibres  have  an  obscurely  radi- 
ating appearance,  but  nothing  further  can  be  made  out  of  it  For 
the  purpose  of  description,  I  shall  call  that  portion  of  it  which 
is  usually  designated  the  "  corpus  callosum,"  that  is  to  say  the 
part  which  bridges  over  the  ventricles,  the  tectorial  part  of  ihe 
eallosal  tract.  It  is  only,  therefore,  the  tectorial  part  of  the 
callosal  tract  which  is  clearly  visible,  the  subsequent  course  of 
the  fibres  as  they  enter  the  cerebral  white  matter  on  each  side 
cannot  be  traced.  The  fibres  of  the  centrum  ovale  are  so  closely 
interwoven  and  so  highly  medullated  that  the  isolation  of  any 
one  tract  from  the  others  becomes  in  the  adult  a  practical 
impossibility.  It  is  evident,  therefore,  that  if  we  wish  to  follow 
out  the  distribution  of  the  fibres  of  the  callosal  or  any  other 
band,  some  means  must  be  resorted  to  in  order  to  render  these 
apparent 

If  the  brain  be  hardened  in  spirit,  no  further  definition  of  the 
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medullary  white  takes  place,  aod  the  organ  becomes  so  shrunken 
and  altered  in  shape  and  contour  that  it  is  of  little  use  for  minute 
observation. 

When  Mtiller's  fluid,  however,  is  employed,  and  especially,  in 
the  case  of  the  human  brain,  when  it  is  injected  from  the  large 
vessels  at  the  bcLse,  the  size  and  contour,  in  the  first  place,  are 
retained,  and  the  differentiation  of  some  parts  of  the  medullary 
white  matter  becomes  most  beautiful  The  great  secret  in 
getting  the  fluid  to  penetrate  is  to  inject  it  I  do  so  from  the 
two  internal  carotids  and  one  vertebral  immediately  after  the 
organ  is  removed,  and  repeat  it  on  two  other  occasions  with  an 
interval  of  a  couple  of  days  between  them.  The  brain  does  not 
shrink,  and  after  it  has  lain  for  three  weeks  in  a  large  excess 
of  the  hardening  solution,  it  becomes  so  tough  that  it  can  be 
handled  with  impunity,  and  can  then  be  cut  into  thick  slices  in 
the  particular  direction  required.  When  these  are  soaked  in  my 
freezing  fluid,^  frozen,  and  polished  on  the  surface  by  means  of 
the  section  blade,  the  following  appearances  are  to  be  found — not 
8o  well  on  the  section  cut  as  on  the  surface  of  the  frozen  piece 
of  uncut  brain  substance. 

Suppose,  to  begin  with,  that  the  plane  of  section  has  cut 
transversely  through  the  brain  in  the  middle  of  the  knee  of  the 
internal  capsule,  the  parts  exposed  will  be  very  much  the  same 
as  those  figured  in  Plate  XXII.  The  drawing  represents  the 
anterior  part  of  the  knee,  and,  consequently,  the  surface  of  the 
segment  I  have  supposed  would  show  the  parts  a  little  behind 
this.  The  parts  figured,  however,  pretty  closely  correspond 
to  what  would  be  seen,  and  will  serve  for  the  purpose  of  illustra- 
tion. It  must  be  understood  that  the  drawing  was  taken  from 
a  preparation  mounted  by  my  gelatine  method;  but  the  situation 
of  the  parts  is  of  course  the  same  as  on  the  surface  of  the 
segment,  and  it  will  greatly  aid  in  understanding  the  description 
if  this  plate  is  utilised  for  the  purpose  of  reference.  The 
convolutions  which  are  cut  through,  in  the  first  place,  are  the 
upper  two-thirds  of  the  ascending  frontal  (As.  IV.),  and  a  piece 
anteriorly  of  the  lower  third  of  the  ascending  parietal  (As,  Pr,\ 
The  temporo-sphenoidal  lobe  (T.  S.  L.)  behind  its  free  ant-erior 
extremity  also  comes  into  view,  and  on  the  inner  aspect  of  the 
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hemisphere  is  the  gyrus  forriicatus  {G.  /.).  The  plane  of  section 
lies  a  little  behind  the  fifth  ventricle,  but  the  two  laterals  (Z.  V.) 
and  the  third  (///.  F.),  with  the  intercommunication  between 
the  two — the  foramen  of  Monro  (/.  M.) — are  cut  across.  The 
parts  of  the  basal  ganglia  which  are  brought  into  view  are  in  the 
first  place  the  middle  of  the  caudate  nucleus  ((7.  N.\  two  divisions 
of  the  lenticular  nucleus  {LN^  and  LN^,  the  anterior  tubercle 
or  nucleus  of  the  thalamus  (1%.),  the  claustrum  {CI),  with  the 
outer  capsule  (0.  C),  and  the  white  substance  of  the  island 
{w,  8, 1.)  on  either  side  of  it ;  while  lying  most  externally 
is  the  island  of  Reil  itself  (/.  RX  Interposed  between  the 
caudate  nucleus  and  thalamus  on  the  inside,  and  the  lenticular 
nucleus  on  the  outside,  is  the  inner  capsule  (/.  C),  whose 
fibres  it  will  be  noticed  run  in  large  numbers  into  the  thala- 
mus (7%.).  The  tectorial  part  of  the  corpus  callosum  is  shown 
at  C,  C,  while  on  each  side  of  it  is  the  medullary  substance 
of  the  hemisphere. 

Now,  when  such  an  opaque  s^ment  as  I  have  described  is 
polished  as  directed,  the  corpus  callosum  is  seen  passing  into  the 
white  substance,  but  in  place  of  its  fibres  losing  themselves 
indefinitely  in  the  mass  of  the  centrum  ovale,  they  are  noticed  to 
form  an  arch  which  passes  upwards,  outwards,  and  downwards, 
and  finally  terminates  in  the  inner  and  outer  capsules.     The 
drawing  (Plate  XXII.)  was  taken,  as  before  said,  from  a  clarified 
preparation,  and  in  it  the  boundaries  and  distribution  of  this 
arched  mass  of  fibres  are  not  so  evident  as  in  one  which  is 
opaque.    But  even  in  this  transparent  section,  as  illustrated  in 
the  drawing,  its  outline  (€,e.e,)  and  connections  were  apparent 
enough  to  make  them  easily  perceptible  to  the  naked  eye.    I 
must  especially  emphasise,  however,  that,  for  reasons   to  be 
presently  explained,  this  mass  of  fibres  is  more  distinct  on  the 
polished  surface  of  an  ordinary  opaque  s^ment  of  brain,  say  ^  to 
\  an  inch  thick,  than  in  a  thin  section  stretched  by  my  gelatine 
method.     This  arch,  formed  by  the  fibres  issuing  from  the  side  of 
the  tectorial  part  of  the  callosal  tract,  varies  in  shape  and  dimen- 
sions in  different  parts  of  the  brain.    Thus,  anteriorly,  about 
the  centre  of  the  fifth  ventricle,  it  is  very  obtuse  superiorly,  and 
turns  round  abruptly  into  the  inner  capsule,  forming  an  almost 
complete  semicircle.    It  measures  in  this  neighbourhood,  from 
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Bide  to  Bide,  10  mm.;  while  from  above  downwards — from  the 
coDvex  upper  border  to  its  entrance  into  the  inner  capsule — it 
measures  23  mm.  In  the  mid-cerebrum,  opposite  the  knee  of  the 
inner  capsule,  it  reaches  its  greatest  dimensions,  measuring  from 
side  to  side  from  the  same  points  13  mm.;  and  from  above 
downwards,  28  mm.  It  is  very  broad  at  this  point,  and  lies  close 
to  the  grey  matter  of  the  cortex,  the  distance  between  its  outer 
border  and  the  grey  matter  being  from  4  to  5  mm.  Posteriorly 
its  shape  becomes  markedly  altered.  The  arch  here  is  some- 
what acutely  pointed  upwards,  almost  like  the  contour  it  has  in 
the  embryo.  Opposite  the  spleuium  corporis  callosi,  it  measures 
16  mm.  from  side  to  si()e,  and  20  mm.  from  above  downwards. 

As  regards  the  extent  of  brain  through  which  it  is  visible,  it 
may  be  stated  that  it  becomes  perceptible  a  short  way  behind 
the  commencement  of  the  genu,  and  ceases  to  exist  as  a  distinct 
arch  immediately  behind  the  splenium  of  the  corpus  callosum. 
It  thus  corresponds  to  the  corpus  callosum  in  position,  becom- 
ing most  evident  opposite  its  middle  part,  and  insensibly  dis- 
appearing in  front  of  and  behind  it. 

Examined  with  the  naked  eye,  or  with  a  pocket  lens,  it  is 
seen  to  be  composed  of  dense  bundles  of  nerve  fibres,  which, 
starting  from  the  outer  extremity  of  the  tectorial  part  of  the 
corpus  callosum,  curve  upwards,  outwards,  and  downwards 
towards  the  two  capsules.  The  bundles  as  they  enter  the  inner 
capsule  become  closely  aggregated  and  much  curved,  and  they 
are  evidently  shorter  than  those  higher  up  (see  Plate  XXIT.,  h.  h,). 
This  results  from  their  having  run  obliquely  to  the  plane  of 
section. 

When  I  first  saw  this  arched  system  of  fibres  at  each  side  of 
the  corpus  callosum,  now  several  years  since,  I  was  extremely 
puzzled  to  know  what  it  meant.  I  looked  through  all  the  books 
on  the  structure  of  the  brain  to  which  I  had  access,  and  examined 
their  illustrations,  but  could  not  find  it  figured  in  a  single 
instance,  as  exposed  in  a  transverse  perpendicular  section,  nor 
could  I  discover  even  the  most  cursory  allusion  to  it  It  was 
during  this  search  that  I  came  upon  Foville's  illustrations  in  the 
plates  before  enumerated,  and,  at  the  same  time,  found  Gratiolet's 
description  of  the  callosal  fibres.  The  explanation  of  Foville's 
figures  was  now  apparent.    By  introducing  the  finger  between 
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the  gyras  fomicatas  and  the  tectorial  part  of  the  callosal  tract 
(Plate  XXIL  x.  x.  x.),  and  tearing  the  medullary  substance  for- 
wards and  backwards,  he  had  evidently  separated  this  arched 
system  of  fibres  from  the  rest  of  the  medulla,  and  exposed  it  to 
view  by  turning  back  the  cortical  mantla  The  contour  of  Uie 
fibres  figured,as  seen  from  above  in  the  various  plates  referred  to 
{loc.  cU.),  quite  corresponds  to  its  shape  on  transverse  section,  and 
it  will  also  be  noticed  that  he  makes  it  coterminous  with  the 
anterior  and  posterior  extremities  of  the  corpus  callosum.  If  the 
reader  will  turn  up  the  first  part  of  his  Atlas,  at  plate  xv.,  he  wQl 
find  a  ridge  of  arcuate  fibres,  somewhat  diagrammatically  repre- 
sented as  seen  from  above,  on  either  side  of  the  corpus  callosom 
at  the  letter  L,  which  it  seems  to  me  must  be  the  system  I  am 
describing.  Foville  no  doubt  was  unaware  of  its  great  signifi- 
cance, and  his  drawings  have  almost  entirely  been  forgotten,  or 
deemed  to  be  the  outcome  of  an  aberrant  geniua  There  is 
a  Latin  proverb  which  says,  "  Interdum  stultus  bene  loquitur/' 
and  I  think  in  this  case  that  the  kernel  of  truth  contained 
in  Foville's  work  on  the  corpus  callosum  has  not  met  with  that 
appreciation  from  anatomists  and  physiologists  which  it  un- 
doubtedly deserves. 

What  then  is  this  enormous  mass  of  fibres  leaving  the  corpus 
callosom  at  each  side,  and  curving  downwards  to  the  capsules  ? 
Without  entering  for  the  present  into  the  arguments  pro  and  con, 
I  may  state  that  my  conviction  is  that  it  comprises  the  fibres 
which  have  come  from  the  opposite  cortex,  which  have  crossed 
and  decussated  in  the  corpus  callosum,  and  are  now  turning  down- 
wards to  join  the  two  capsules.  And,  accordingly,  in  order  to 
distinguish  this  arched  system  of  fibres  (Plate  XXIL  e.  e.  e.)  from 
the  other  parts  surrounding  it,  I  propose  to  give  it  the  name  of 
the  Crossed  Callosal  Tract.  It  commences  at  the  point  where 
the  tectorial  part  of  the  corpus  callosum  enters  the  medullary 
substance  of  the  hemisphere,  and  it  terminates  below  at  the 
upper  extremity  of  the  inner  and  outer  capsules. 

In  a  preparation  similar  to  that  which  I  have  been  describing, 
there  is  found  coming  down  from  the  upper  edge  of  the  longi- 
tudinal fissure,  and  specially  from  the  paracentral  lobule,  a  hand 
of  fibres  which  bears  a  certain  relationship  to  the  crossed  caUomd 
tract.    Throughout  that  part  of  the  brain  which  corresponds  in 
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position  with  the  anterior  and  posterior  thirds  of  the  corpus 
callosam,  its  fibres  iacliae  almost  entirely  inwards  towards  the 
corpus  callosum ;  bat  in  the  region  opposite  the  middle  third,  part 
of  its  fibres  curve  inwards  towards  the  corpus  callosum,  while 
some  bundles  from  it  also  pass  downwards  directly  to  the  inner 
capsule,  and  are  lost  in  the  dense  masses  which  compose  its 
substance.  In  their  course  downwards  they  mix  with  those  of 
the  crossed  callosal  tract ;  so  that  in  a  region  which  corresponds 
to  the  middle  of  Ferrier's  motor  area,  the  crosied  callosal  tract 
has  intermingled  with  it  certain  bands  of  direct  fibres  from  the 
cortex,  and  I  think  there  can  be  little  doubt  that  they  are  motor 
in  their  function.    I  shall  revert  to  these  fibres  immediately. 

The  Mezzoseopic  and  Microscopic  Appearances, 

In  order  to  study  the  further  connections  of  the  callosal  tract 
in  the  adult,  it  is  necessary  to  prepare  the  brain  in  thin  sections, 
and  to  resort  to  the  mezzoseopic  and  microscopic  methods  of 
examining  these.  By  the  former  I  mean,  as  before  explained, 
the  examination  of  thin  sections  after  they  have  been  enlarged 
by  my  potash-gelatiue  method,  and  viewed  by  the  aid  of  a  simple 
lens.  In  following  the  line  of  the  callosal  tract  it  is  natural 
of  course  to  begin  with  the  origin  of  its  fibres.  Where  are  the 
callosal  fibres  derived  from  in  the  human  brain?  When  the 
mezzoseopic  and  microscopic  methods  of  examination  are 
employed  this  can  be  clearly  enough  made  out,  and,  as  a  general 
statement,  it  may  be  said  that  the  area  which  supplies  them 
extends  mesially  from  the  upper  edge  of  the  gyrus  fornicatus 
round  nearly  to  the  free  border  of  the  operculum  and  its  con- 
tinuation backwards  in  the  upper  lip  of  the  Sylvian  fissure.  Those 
from  above  curve  inwards,  while  those  from  the  outer  convex 
surface  run  in  an  almost  straight  line  to  their  point  of  entrance 
into  the  tectorial  part.  I  have  previously  mentioned  that,  in  the 
band  in  which  the  direct  motor  fibres  coming  down  from  the 
motor  area  to  the  inner  capsule  are  contained,  there  is  a  certain 
number  of  fibres  which  turns  inwards  towards  the  corpus  cal- 
losum. Anteriorly,  this  band,  as  before  described,  is  almost 
exclusively  composed  of  these,  and  they  continue  along  the 
whole  extent  of  the  corpus  callosum,  but  opposite  the  central 
convolutions  other  fibres  which  are  evidently  motor  join  it 
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It  is  from  the  extreme  vertex  that  the  greatest  leash  of 
callosal  fibres  is  derived.  In  man,  the  mass  formed  by  them 
can  readily  be  seen  with  the  naked  eye,  and  in  Mammalia  the 
number  derived  from  here  is  proportionally  larger  than  in  man. 
They  curve  downwards  and  inwards,  intermingle  slightly  with 
those  callosal  fibres  which  have  already  crossed,  and  are  then 
lost  in  the  tectorial  part.  Lying  on  their  inner  side  is  an 
immense  mass  of  association  fibres,  apparently  uniting  the  margin 
of  the  longitudinal  fissure  with  the  gyrus  fornicatus,  bat  those 
fibres  which  are  to  enter  the  corpus  callosum  soon  show  their 
bent  by  curving  inwards.  As  the  fibres  which  have  crossed  the 
corpus  callosum  turn  downwards  in  the  crossed  callosal  tracts  and 
as  the  most  of  those  which  are  about  to  enter  it  run  almost  in 
a  straight  line  from  the  cortex  inwards,  it  follows  that  an  inter- 
lacing of  the  two  sets  must  take  place,  and  this  is  most  beauti- 
fully seen  in  microscopic  preparations  made  on  a  large  scale. 
The  two  sets  of  callosal  fibres  are  arranged  in  bundles,  and  these 
interlace  in  an  almost  inextricably  dense  plexus. 

I  doubt  whether  callosal  fibres  are  derived  from  the  extreme 
edge  of  the  operculum.  Two  other  sets  of  fibres  undoubtedly 
arise  from  here.  The  one  is  an  association  band  of  large  size, 
which  unites  the  edge  of  the  operculum  to  the  island  of  Seil 
(Plate  XXll,  g.  g.  g.).  The  other  (//./)  runs  into  the  outer 
capsule  and  constitutes  its  outer  half ;  but  whether,  over  and 
above  these  two  sets  of  fibres,  there  are  still  others  derived  from 
the  edge  of  the  operculum  which  enter  the  corpus  callosum,  I 
cannot  as  yet  define  with  precision,  and  am  inclined  to  believe 
that  there  are  not.  A  question  also  arises  as  regards  the  fibres 
of  the  gyrus  foruicabus:  Are  its  fibres  callosal,  or,  if  not,  where 
do  they  go  to  ?  My  belief  is  that  they  are  chiefly  of  the 
association  variety.  A  large  longitudinal  mass  of  fibres  is  seen 
running  antero-posteriorly  when  the  grey  matter  of  the  con- 
volution is  removed. 

The  callosal  fibres  being  thus  gathered  in  from  this  vast  origin, 
let  us  trace  their  progress  further  onwards  to  the  opposite  sida 
When  they  enter  the  tectorial  part  of  the  corpus  callosum,  they 
are  arranged  in  dense  bundles  which  follow  a  more  or  less  parallel 
course.  In  the  middle  line,  however,  this  parallel  arrangement 
ceases,  and  the  bundles  of  fibres  interlace  as  in  the  decussation 
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of  the  pyramids.  The  decussation  can  be  seen  perfectly  well 
with  the  naked  eye,  or  with  a  simple  lens,  in  a  mezzoscopic 
preparation,  the  bundles  having  a  peculiar  shining  appearance 
when  they  are  cut  obliquely ;  not  only  do  the  bundles  decussate, 
but  they  alter  their  direction.  They  appear  all  to  lie  very  much 
in  the  same  perpendicular  plane  when  they  enter  the  tectorial 
part,  but  as  they  issue  at  the  other  side,  the  bundles  pursue  more 
or  less  of  an  oblique  course  towards  the  centre  of  the  brain. 
The  point  to  which  they  all  tend  to  converge  is  the  knee  of  the 
iuner  capsule;  and  those  callosal  fibres  which  lie  in  front  of 
this,  after  crossing  the  middle  line  slope  backwards,  while  those 
which  come  from  the  posterior  part  of  the  brain  slope  forwards. 
It  consequently  happens  that,  while  the  bundles  of  fibres  going 
into  the  corpus  callosum  can  be  traced  for  a  considerable  distance 
perfectly  continuously,  those  issuing  from  it  in  the  crossed 
caUosal  trticty  as  they  converge  forwards  or  backwards,  are  almost 
invariably  cut  oflF  more  or  less  obliquely.  It  is  only  nearly 
opposite  the  knee  of  the  inner  capsule  that  the  fibres  of  the 
crossed  calloscU  tract  can  be  seen  to  form  long  continuous  bands 
when  a  perfectly  transverse  perpendicular  section  of  the  hemi- 
sphere is  being  examined.  Indeed,  in  the  adult  brain  the 
complex  of  fibres  is  so  intricate  in  the  region  of  the  crossed 
eaUosal  trad  that  it  is  extremely  difficult  to  see  these  obliquely 
cut  bundles  at  all,  even  in  a  microscopic  section.  In  the  thick 
mass  of  brain  tissue  from  which  the  sections  are  cut,  however, 
the  crossed  callosal  tract,  as  before  mentioned,  is  beautifully 
demarcated  because  the  segments  of  crossed  fibres  are  in  such 
large  mass,  but  in  a  mezzoscopic  or  microscopic  section  they  are 
much  less  evident,  the  reason  being  that  they  are  not  in  such 
numbers.  For  long  I  could  not  explain  this  apparent  anomaly 
until  I  eiAployed  Weigert's  acid-fuchsin  method  of  staining. 
This  acid-fuchsin  (No.  130  "  S "  of  the  Baden  Aniline  Manu- 
factory), as  is  now  well  known,  when  employed  in  the 
manner  recommended  by  Weigert,^  has  the  property  of  stain- 
ing nerve  fibres,  while  the  grey  matter  remains  uricoloured, 
and  when  skilfully  applied  is  an  excellent  reagent  for  the 
demonstration  of  certain  tracts,  such  as  the  present.  Ordi- 
nary   fuchsin   is   not  available  for  the    purpose;    it  is  this 

^  Centralblatt,  1882. 
VOL.  XIX.  2  D 
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particular  yariety — an  acid  aniline  dye — which  alone  has  this 
property.  It  seems  to  take  a  much  more  powerful  hold  upon 
the  nerve  fibres  than  upon  the  grey  matter,  in  the  presence  of 
a  chrome-potash  salt  Now,  as  I  have  found  by  repeated  trials, 
it  seems  to  have  a  particular  a£Bnity  for  these  crossed  callosal 
bundles,  so  that,  of  all  the  nerve  fibres  in  the  neighbourhood, 
they  appear  the  most  deeply  stained.  Whether  their  oblique 
course  has  something  to  do  with  it  or  not  I  cannot  say,  but 
certain  it  is,  that  when  they  are  coloured  by  this  reagent  they 
stand  out  in  a  microscopic  section  mach  more  distinctly  than 
other  fibres.  It  may  be,  simply,  that  the  nerve  fibres  are  mure 
closely  packed  in  them  than  in  other  systems,  because  I  have 
also  noticed  that  the  dense  bundles  of  the  inner  capsule  stain 
with  like  intensity. 

By  the  aid  of  this  substance  the  continuity  of  the  fibres  in 
the  pars  tectoria  with  those  in  the  crossed  callosal  tract  can  be 
clearly  defined,  although  it  must  be  remembered  that  in  a  per- 
fectly transverse  section  the  fibres  which  cross  in  the  tectorial 
part  are  not  all  the  same  fibres  as  those  found  in  the  crossed 
callosal  tract  of  the  same  section.  As  I  have  stated,  they  turn 
obliquely  forwards  or  backwards  according  to  their  position  after 
crossing,  so  that  a  great  many  of  those  fibres  issuing  from  the  side 
of  the  tectorial  part  of  the  callosal  tract  are  cut  across  shortly 
after  they  have  emerged.  If,  however,  an  oblique  perpendicular 
section  be  examined,  the  direct  continuity  of  the  fibres  becomes 
evident,  but  as  a  single  callosal  fibre,  if  dissected  out  from  side 
to  side,  would  have  a  very  twisted  course,  it  is  necessary  that 
the  brain  be  cut  in  various  directions,  in  order  that  each  set 
of  preparations  may  show  a  particular  part  of  the  tract^ 
As  the  bundles  approach  the  two  capsules  they  become  closely 
packed  together  (PL  XXII.,  A.  A.),  so  that  in  an  acid-fuchsin 
preparation  this  region  always  has  a  dark-red  colour.  They  are 
then  seen  to  divide  into  two  sets  over  the  lenticnlar  nucleus. 
The  larger  of  these  enters  into  the  inner  capsule,  while  the 

1  I  wonld  specially  recommend  anyone  wishing  to  see  the  continuity  of  the 
pars  tectoria  and  the  crossed  callosal  tract,  to  examine  microscopically  an  oblique 
section  of  the  sheep's  bndn  in  a  solution  of  potash.  The  brain  of  this  animal  is 
of  conyenient  size,  and  the  potash  has  a  wonderful  power  of  differentiation.  The 
fibres  are  seen  to  run  without  interruption  from  the  pars  tectoria  into  the  two 
capsules. 
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smaller  passes  into  the  inner  stratum  of  the  outer  capsule.  Let 
as  leave  them  here  for  an  instant  to  consider  briefly  what  is  the 
condition  of  the  callosal  tract  in  the  embryo,  as  this  affords 
most  potent  confirmation  of  the  direct  continuity  of  the  different 
parts  of  the  callosal  tract  and  the  two  capsules. 

As  I  mentioned  in  the  introduction,  this  paper  is  essenti- 
ally a  description  of  the  callosal  tract  in  the  advJt,  and  hence 
I  do  not  intend  to  enter  at  length  into  the  appearance  pre- 
sented by  it  in  the  embyro.  For  minuter  particulars,  I  must 
refer  the  reader  to  my  paper  on  the  "Embryonic  Corpus 
Callosum,"  in  Brain,  for  July  1885.  1  simply  wish  to  draw 
attention  to  the  fact  that  in  a  four  months'  human  embryo, 
the  callosal  system  of  fibres  is  practically  the  only  one  devel- 
oped in  the  brain.  The  motor  and  other  direct  fibres  from  the 
cortex,  as  yet,  are  not  laid  down.  There  is,  therefore,  in  the 
four  months'  (end  of  third  to  the  fourth)  human  embryo  the  best 
means  of  studying  the  course  and  connections  of  the  callosal 
tract,  apart  from  the  many  other  systems  which  intermingle 
with  and  complicate  it  in  adult  Ufa  The  cortex  in  such  an  em- 
bryo is  well  formed,  although  its  cells  are  of  an  elementary 
character.  From  it,  rudimentary  fibres  are  noticed  running  in- 
wards towards  the  corpus  callosum,  and  from  either  side  the 
crossed  callosal  tract  is  seen  coming  out  as  a  ribbon-like  band,  which, 
after  circumventing  the  ventricle,  terminates  below  by  dividing 
into  the  inner  and  outer  capsules.  The  antero-posterior  measure- 
ment of  the  cerebrum,  as  compared  with  the  size  of  the  basal 
ganglia,  is  less  in  the  embryo  of  this  age  than  in  the  full- 
grown  brain,  and  hence  the  crossed  callosal  tract,  after  issuing 
from  the  tectorial  part,  does  not  run  so  obliquely  towards  the 
thalamus.  Its  fibres  can  be  traced  on  this  account  quite  con- 
tinuously downwards  as  a  definite  system,  and  I  have  seen  the 
same  thing  in  the  embryos  of  many  Mammals,  even  with  the 
naked  eye.  The  two  capsules  at  this  age,  that  is  to  say,  before 
any  motor  fibres  have  appeared,  are  perfectly  defined.  Their 
shape  is  such  as  is  seen  in  the  adult,  the  chief  difference  being, 
of  course,  that  the  fibres  are  very  rudimentary  in  structure,  and 
are  non-meduUated. 
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The  Callosal  Fibres  from  the  jExtreme  Frontal  Region, 

Such  being  the  disposition  of  the  callosal  fibres  derived  from  the 
vertex  and  upper  two-thirds  of  the  cerebral  cortex,  the  next 
question  comes  to  be — What  is  the  arrangement  of  the  fibres 
issuing  from  the  extreme  frontal  and  occipital  regions,  and  with 
what  parts  do  they  lie  in  relationship  ?  I  shall  consider  the 
course  of  those  derived  from  the  frontal  tip  first.  The  common 
idea  is,  of  course,  that  the  callosal  fibres  arising  from  one  frontal 
tip  run  backwards,  cross  in  the  genu  of  the  corpus  callosum 
(forceps  anterior),  and  again  find  their  way  to  the  frontal  tip  of 
the  opposite  side.  The  corpus  callosum  is  simply  the  meeting 
point  of  fibres  having  an  equivalent  attachment  on  both  sides. 
I  believe  that  this  is  an  entire  misconception  of  the  arrangement, 
but  in  order  to  explain  what  I  mean  it  will  be  necessary  to 
enter  a  little  more  into  detail. 

Suppose  that  a  series  of  7}iezzo8copic  perpendicular  transverse 
sections  from  the  frontal  lobe  be  examined  with  a  simple  lens 
the  medullary  substance  will  be  found,  a  little  behind  the  tip,  to 
have  no  definite  arrangement  into  bundles,  nor  can  any  fibres 
be  distinctly  seen,  because  the  greater  number  in  running  from 
before  backwards  are  cut  transversely  or  obliquely.  At  some 
distance  further  back,  however,  the  sections  of  the  oblique  fibres 
are  noticed  becoming  inclined  towards  the  centre  of  the  medul- 
lary substance.  They  are  gathered  in  from  all  the  neighbouring 
grey  matter,  and  are  evidently  running  backwards.  The  first 
real  differentiation  that  takes  place  in  the  white  matter  is 
noticed  about  the  anterior  border  of  the  third  frontal  convolu- 
tion. Here  the  fibres  coming  from  the  anterior  frontal  region 
are  concentrated  in  a  somewhat  oval-shaped  area,  more  pointed 
below  than  above.  I  am  sorry  that  circumstances  will  not 
allow  of  my  giving  a  drawing  of  this,  as  its  appearance  and 
relationship  to  neighbouring  parts  would  then  be  better  under- 
stood. It  measures  about  28  mm.  from  above  downwards,  and 
10  mm.  from  side  to  side.  Into  it  fibres  enter  abundantly  from 
above  (first  and  second  frontal  convolutions),  and  below  it  ter* 
minates  in  a  leash  of  fibres,  which  passes  downwards  and 
inwards  to  the  gyrus  rectus.  Its  boundary  is  fairly  well 
defined  in  a  mezzoscopic  preparation,  but  the  whole  mass  of 
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fibres  is  totally  invisible  in  a  fresh  anprepared  brain,  or  even  in 
one  which  has  merely  been  hardened,  and  is  still  opaque.  Ban- 
ning obliquely  across  it  from  below  upwards,  and  more  or  less 
transversely  to  the  direction  of  the  bulk  of  its  fibres,  are  numbers 
of  other  nerve  bundles.  They  are  best  seen  posterior  to  where  the 
oval-shaped  area  first  appears,  and  always  have  an  oblique 
inclination  from  below  upwards.  Tbey  are  strictly  confined  to 
the  oval-shaped  area,  and  look  as  if  they  were  cut  across  in 
curving  into  it  from  the  inside  to  pass  backwards  at  the  outside. 
I  have  said  that  the  above  area  has  an  oval  shape.  Occasionally, 
however,  where  the  leash  of  fibres  to  the  gyrus  rectus  is  well 
developed,  this  queue-like  appendage  gives  to  it  a  pyriform 
character.  It  is  somewhat  difficult  to  know  what  to  call  this 
concentrated  mass  of  fibres,  but  the  name  of  the  common  frontal 
tract  (tractus  communis  frontalis)  may  perhaps  be  suflBciently 
distinctive. 

Opposite  the  anterior  third  of  the  third  frontal  convolution, 
this  common  frontal  tract  splits  somewhat  abruptly  into  three 
others,  to  which  I  have  given  the  names  of  tractus  medius, 
intemuSy  and  extemus  respectively.  These  will  be  best  under- 
stood by  reference  to  Plate  XXL,  where  they  are  depicted  as 
they  are  seen  shortly  after  they  have  been  formed.  The  locality 
in  which  they  are  most  apparent  is,  as  will  be  noticed  from  the 
drawing,  nearly  opposite  the  middle  third  of  the  third  frontal 
convolution.  This  usually  holds  good,  but  there  appear  to  be 
slight  differences  in  different  brains  as  regards  their  exact  loca- 
tion. As  a  rule,  however,  if  a  section  is  made  in  a  plane  inter- 
secting the  middle  third  of  the  third  frontal  convolution,  these 
three  tracts  will  be  brought  into  view — I  mean,  of  course,  when 
the  preparation  is  manipulated  by  the  gelatine- potash  method. 
Otherwise,  there  is  almost  no  indication  of  their  presence. 

The  tractus  intemus  (ti.)  is  of  large  size,  and  is  conspicuous  in 
such  a  preparation  by  the  coarseness  and  peculiar  shining,  or 
glistening,  appearance  of  its  fibres.  It  measures,  at  the  point  at 
which  its  boundaries  are  best  defined,  from  its  upper  extremity  to 
where  the  tail-like  appendage  comes  off  below,  about  27  mm.,  and 
12  mm.  from  side  to  side  at  its  broadest  part.  Its  bundles  run 
somewhat  obliquely  from  below  upwards,  and,  in  a  progressive 
series  of  sections,  it  can  be  shown  that  some  of  them  (about  a  half) 
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are  continuoas  with  the  oblique  bundles  just  described  as  running 
across  the  common  fronted  tract  further  forwards.  They  become 
fewer  and  fewer  postero-anteriorly  until  only  a  trace  of  them  is 
to  be  found  intersecting  the  common  froTUal  tract.  Still  more 
anteriorly  they  vanish,  and  then  the  tractus  intermia  is  seen  to  be 
entirely  composed  of  fibres  running  backwards.  These  oblique 
fibres,  therefore,  simply  run  forwards  from  the  tradus  intemus 
into  the  common  frontal  tract  for  some  distance ;  they  afterwards 
curve  outwards  and  backwards,  and  their  future  course  will  be 
described  presently. 

The  tractus  intemus  is  found  to  become  more  and  more 
densely  fibrous  the  further  backwards  its  fibres  are  traced,  and 
a  change  is  also  noticed  in  the  direction  of  its  bundles,  for 
whereas  they  are  more  or  less  obliquely  inclined  anteriorly,  they 
assume  an  almost  transverse  direction  posteriorly.  The  tract 
also  approaches  nearer  the  grey  matter  covering  the  inner  aspect 
of  the  brain,  and  finally  pierces  through  it.  It  joins  with  a 
similar  mass  from  the  opposite  side,  and  the  two  constitute  the 
anterior  extremity  of  the  corpus  callosum.  This  tra^ctus  intemus 
contains  two  sets  of  fibres.  One  of  these,  forming  about  half 
its  bulk,  is  derived  from  the  common  frorvtal  tracts  that  is  to 
say,  from  the  tip  of  the  frontal  lobe  of  the  same  side,  while  the 
other  has  crossed  in  the  corpus  callosum,  and  after  curving, 
as  just  described,  obliquely  forwards  and  outwards,  alters  its 
course,  and,  as  we  shall  see,  passes  ultimately  backwards  into  the 
two  capsules.  Its  fibres  have  been  derived  from  the  opposite 
anterior  frontal  region. 

The  tractus  extemus  (Plate  XXL,  t,  e.)  is  a  very  well-defined 
ribbon-like  band.  It  resembles  Gratiolet's  optic  radiation  band 
to  the  occipital  lobe  in  shape  and  in  the  sharpness  of  its  outline. 
It  measures  from  2  to  7  mm.  in  breadth,  and  34  mm.  from  above 
downwards.  It  is  more  or  less  concave  internally,  but  is  sharply 
angular  at  its  lower  external  border.  Its  fibres  are  arranged  in 
fine  bundles,  their  course  being,  generally  speaking,  antero- 
posterior. It  receives  a  long  leash  of  fibres  from  the  gyrus 
rectus,  similar  to,  but  larger  than,  that  which  enters  the  common 
frontal  tract.  Its  length,  from  the  part  where  it  separates  from 
the  common  frontal  tract  anteriorly  to  the  point  where  it  ter- 
minates posteriorly,  is  about  22  mm.    A  most  important  matter 
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is  the  position  occupied  by  it  in  relation  to  the  neighbouring 
convolutions.  It  corresponds  exactly  with  the  aphasic  centre, 
that  is  to  say,  with  from  about  a  third  to  a  half  of  the  posterior 
extremity  of  the  third  frontal  convolution  and  a  small  portion  of 
the  lower  extremity  of  the  ascending  frontal  It  lies  very  close 
to  the  surface,  the  distance  between  the  cortex  of  the  third  frontal 
convolution  and  its  outer  border  being  not  more  than  from  2  to 
4  mm.  Its  fibres  are  of  two  kinds.  The  greater  mass  of  them  is 
made  up  of  the  bundles  of  the  tractus  intemus  which  have  passed 
obliquely  through  the  common  frontal  tract  and  turned  backwards ; 
but,  in  addition  to  these,  there  are  also  direct  frontal  fibres  derived 
from  the  common  frontal  tract  itself.  There  is  even  a  third  set, 
namely,  that  well-defined  leash  or  bunch  which  comes  upwards 
into  it  from  the  gyrus  rectus.  I  cannot  as  yet  define,  however, 
where  the  last  go  to,  and  hence  will  not  say  much  more  about  them. 
It  is  possible  that  they  ultimately  cross  in  the  corpus  callosum. 
The  two  main  systems  of  fibres  to  be  remembered  in  connection 
with  this  tract  are  the  crossed  and  the  uncrossed.  The  former  arise 
from  the  opposite  frontal  tip,  cross  in  the  genu  of  the  corpus 
callosum,  run  into  the  trcLctus  intemus,  and  pass  obliquely 
forwards,  outwards,  and  backwards  into  the  tractvs  extemvs. 
Whether  Meynert's  anterior  peduncle  (vorderer  Stiel)  of  the 
thalamus  is  composed  of  these  crossed  callosal  fibres,  or  is  simply 
part  of  the  direct  bundles  from  the  frontal  tip,  I  am  not  as  yet 
in  a  position  to  decide.  I  have  often  thought  that  its  fibres  were 
callosal  in  their  nature,  and  described  them  as  such  in  my  com- 
munication to  the  Boyal  Society  {loc,  cit,),  but  I  will  not  commit 
myself  to  saying,  as  yet,  that  this  is  proven.  Their  attach- 
ment to  the  thalamus,  posteriorly,  increases  the  likelihood  of 
their  being  callosal.  The  other  system  of  fibres  entering  the 
tractus  extemtcs  is  derived  from  the  frontal  tip  of  the  same  side. 
The  two  systems  become  inextricably  mixed  in  the  tract,  and 
hence  it  is  almost  impossible  to  distinguish  their  further  distri- 
bution in  the  adult. 

The  tracttu  extemus  must  not  be  mistaken  for  the  internal 
capsule.  It  lies  in  front  of  this,  and,  in  a  fresh  brain,  is  en- 
tirely hidden  in  the  medulla  underlying  the  oro-lingual  centres. 
The  inner  capsule,  it  will  be  remembered,  commences  where  the 
common  head  of  the  caudate  and  lenticular  nuclei  is  split  by  it. 
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The  tracts  I  am  at  present  describing  all  lie  in  front  of  the 
basal  ganglionic  grey  masses,  and  indeed  in  part  anterior  to 
the  anterior  horn  of  the  lateral  ventricle.  This  is  clearly  seen 
in  horizontal  sections  where  the  different  tracts  are  exposed  in 
their  antero-posterior  course.  The  traettts  extemtts,  however,  does 
not  continue  beyond  the  common  head  of  the  above-mentioned 
ganglia,  for  here  it  splits  into  two  segments.  The  internal  of 
these  is  the  inner  capsule,  the  external  is  the  outer  capsule. 
In  its  course  backwards  it  curves  slightly  inwards,  and  when  it 
splits,  the  outer  capsule  diverges  externally,  while  the  intenial 
continues  the  line  followed  by  it,  that  is  to  say,  postero- 
internally  towards  the  anterior  extremity  of  the  thalamus. 

The  tractica  medivs  (tm.)  is  much  smaller  than  either  the 
tractvs  intemus  or  extemus.  It  is  somewhat  curved,  and  is  con- 
cave on  the  inner  side,  but  if  measured  continuously  from  above 
downwards  its  length  is  from  30  to  35  mm.  It  is  broadest  at 
its  upper  extremity,  while  at  its  lower  it  becomes  extremely 
attenuated,  and  the  sharp  end  in  which  it  terminates  points 
towards,  and  lies  in  close  contact  with,  the  medulla  of  the  gyrus 
rectus.  It  is  composed  of  curved  fibres  more  or  less  obliquely 
cut.  They  seem  to  curve  outwards,  backwards,  and  inwards 
around  the  anterior  horn  of  the  lateral  ventricle,  with  the  wall 
of  which  they  lie  in  close  apposition  posteriorly.  I  have  had  con- 
siderable difficulty  in  making  out  what  this  tract  is  derived  from. 
The  conclusion  I  have  come  to,  however,  is  that  it  is  simply 
part  of  the  crossed  callosal  system,  namely,  that  part  of  it  which 
lies  closest  to  the  ventricle.  The  tract  ends  posteriorly  by  join- 
ing the  troLctus  extemm,  and  continues  to  form  the  part  of  the 
extremely  curved  crossed  callosal  fibres  which  are  always  seen 
lying  adjacent  to  the  caudate  nucleus  (Plate  XXII.,  hh,). 

In  summing  up  the  facts  of  this  rather  complicated  region 
I  would  state  that  the  same  rule  holds  good  for  the  callosal 
system  here  as  further  back,  namely,  that  the  fibres  of  one  cortex 
do  not  pass  over  to  the  opposite  cortex,  but  that,  after  crossing  in 
the  genu  corporis  callosi,  they  sweep  round  the  anterior  horn  of 
the  ventricle  to  turn  backwards  into  the  inner  and  outer  capsules. 
As  can  be  seen  in  any  horizontal  section,  it  is  the  horn  of  the 
lateral  ventricle  which  is  the  hindrance  to  their  gaining 
the  inner  capsule,  and  in  order  to  circumvent  this  they  are 
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tilted  forwards  before  curving  backwards.  Did  the  capsules  lie 
anterior  to  the  born  of  the  ventricle,  there  would  be  no  need  for 
this  coarse.  It  is  because  the  inner  capsule  commences  far 
behind  this  obstruction  that  the  intricate  arrangement  just 
described  is  rendered  necessary.  The  decussation  noticeable  in 
the  genu  corporis  callosi  is  more  complex  than  in  any  other 
part,  apparently  from  the  large  size  and  difference  in  level  of  the 
various  bundles,  those  entering  it  lowest  seeming  to  pass  out 
highest 

It  is  difficult  to  make  out  in  the  adult  the  curved  course  of 
the  callosal  fibres  anteriorly,  as  I  have  detailed  it.  In  the 
embryo  of  from  three  to  four  months,  however,  it  becomes 
remarkably  easy.  As  before  mentioned,  the  callosal  system  of 
fibres  is  almost  the  only  one  in  existence  in  the  brain  of  a 
human  foetus  of  this  age ;  and  hence,  if  what  I  have  described 
as  the  course  of  the  callosal  fibres  round  the  ventricle  in  the 
adult  be  true,  it  ought  to  be  seen  with  precision  where  these  are 
not  intermixed  with  the  direct,  ''  the  association,"  and  the  other 
systems  of  fibres  of  the  adult.  Such  it  will  be  found  is  actually 
the  case.  The  fibres  of  the  internal  tract  are  seen  in  the  human 
embryo  of  this  age  issuing  from  the  corpus  callosum  ;  they  then 
wind  completely  round  the  anterior  horn  of  the  ventricle  in  a 
horizontal  plane;  they  circumvent  it,  and  terminate  in  the 
capsules  behind.  The  anterior  crossed  callosal  system,  in  fact,  is 
simply  a  continuation  of  that  seen  in  the  mid-cerebrum,  as  may 
be  understood  from  that  drawing  of  Foville's  (pi.  xv.)  to  which  I 
have  already  referred.  Here  it  will  be  noticed  that  the  ridge  L, 
which  I  have  before  said  represents  the  crossed  callosal  tract, 
turns  down  anteriorly  in  a  direction  corresponding  to  the  convex 
anterior  aspect  of  the  brain,  and  fades  off  posteriorly  towards 
the  occipital  lobes.  It  thus  happens  that,  in  horizontal  sections 
at  particular  levels,  the  crossed  callosal  fibres  will  lie  almost  all 
in  one  horizontal  plane  anteriorly,  and,  consequently,  will  present 
much  the  same  aspect  as  they  do  in  the  mid-cerebrum  when 
cut  in  a  transverse  perpendicular  direction.  What  Foville  has 
produced,  in  fact,  by  his  method  of  dissection,  is  very  much  the 
system  of  callosal  fibres  which  is  revealed  in  the  four  months' 
foetus,  and  hence  it  can  be  readily  seen  from  his  figure  how,  in  a 
horizontal  section  of  the  foetal  \)Taitx,the  crossed  callosal  tract  will 
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be  found  winding  round  th^  front  of  the  ventricle  instead  of  over 
it  as  in  perpendicular  transverse  sections. 

It  is  a  well-known  clinical  fact  that  a  destructive  lesion  situ- 
ated in  the  oro-lingual  area  may  give  rise  to  aphasia  of  different 
kinds.  These  are  apparently  caused  by  a  lesion  involving  the 
same  structures,  and,  as  yet,  it  has  been  unexplained  why  this  is 
so.  Thus  (1)  the  lips  and  tongue  may  be  employed  for  various 
other  purposes,  although  they  are  useless  for  the  purposes  of  utter- 
ing articulate  sounds.  The  mental  faculties  in  such  individuals 
are  not  impaired,  but  what  is  lost  is  the  power  necessary  for 
co-ordinating  the  oro-lingual  muscles  for  speech.  The  condition, 
in  fact,  is  a  true  ataxia  or  aphemia  as  it  is  called.  (2)  Another 
form  of  speechlessness  is  that  which  is  known  as  amnesia,  where 
the  powers  of  articulation  may  be  perfect,  but  where  the  memory 
of  words  has  vanished,  and  the  person  becomes  like  a  child  learn- 
ing to  speak.  More  or  less  agraphia  usually  accompanies  it. 
(3)  A  third  variety  is  where  the  first  and  second  are  combined. 

It  would  be  apart  from  the  object  of  this  paper  to  enter  into 
the  discussion  of  the  pathology  of  aphasia  in  its  different  mani- 
festations, but  in  passing  I  may  point  out  a  feasible  explanation 
of  the  diversity  of  the  phenomena  following  a  destruction  of  the 
neighbourhood  of  Broca's  convolution.  There  can  be  little  doubt 
that  the  cortex  of  the  posterior  part  of  the  third  frontal  convolu- 
tion and  that  of  the  anterior  part  of  the  operculum  are  centres  for 
the  combined  movements  of  the  oro-lingual  muscles,  but  that 
they  have  any  psychical  significance  beyond  this  is  questionable. 
Where  the  cortex  alone  in  this  neighbourhood  is  destroyed,  one 
can  easily  see  how  a  pure  aphemia  might  result,  that  is  to  say, 
a  purely  co-ordinative  defect.  Suppose  the  lesion  went  deeper, 
however,  and  encroached  upon  the  tractus  externua,  which  im- 
mediately underlies  these  centres,  it  would  follow  that  the 
greater  number  of  the  fibres  from  the  opposite  pre-frontal 
region,  as  well  as  many  of  those  from  that  region  on  the  same 
side,  would  be  more  or  less  implicated.  One  can  readily  see 
that,  according  to  the  extent  of  this  implication,  the  greater 
would  be  the  deterioration  of  those  higher  faculties,  whose 
substrata  by  custom  and  experience  it  has  been  usual  to  locate 
in  the  first  and  second  frontal  convolutions.  It  seems  out  of 
keeping  with  what  is  known  of  the  functions  of  the  cortex  to 
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suppose  that  the  small  mass  of  grey  matter  comprised  in  the 
oro-lingaal  centres  could  preside  over  so  manifold  and  important 
intellectual  functions ;  and  I  would  merely  suggest,  us  an  explan- 
ation of  this  apparent  anomaly,  that  this  point  of  the  brain 
surface  is,  of  all  others,  that  at  which  the  fibres  coming  from  the 
two  pre-frontal  regions  could  be  most  readily  injured. 

The  CcUlosal  Fibres  from  the  Poster o-parietal,  and 

Occipital  Regions, 

The  number  of  callosal  fibres  obtained  from  the  postero- 
parietal,  and  occipital  regions  does  not  seem  to  be  so  great  as 
from  the  frontal  Sunning  through  the  occipital  and  parietal 
lobes  posteriorly,  there  are  two  bands,  as  seen  on  perpendicular 
transverse  section,  representing  two  different  systems.  The 
one  is  the  occipital  part  of  what  Gratiolet  named  the  ''  optic 
radiations."  It  stretches  from  the  occipital  tip  to  the  posterior 
part  of  the  inner  capsule,  and  a  large  offshoot  from  it  runs 
forwards  as  far  as  the  island  of  Beil.  With  this  system  of 
fibres  we  are  not  concerned  at  present.  The  other  system  is 
callosal,  and  its  fibres  seem  to  sweep  in  from  the  neighbouring 
convolutions,  and  to  pass  through  the  *'  optic  radiation  "  band  in 
bundles.  They  subsequently  become  concentrated  in  a  dense 
layer  in  the  wall  of  the  posterior  cornu  of  the  lateral  ventricle, 
constituting  what  is  known  as  the  tapetum.  At  first  they  are 
most  abundant  on  the  external  wall,  but  as  the  splenium 
corporis  callosi  is  approached,  they  twist  round  the  ventricle 
above  and  below,  and  issue  through  the  grey  matter  on  the  inner 
aspect  of  the  hemisphere  in  a  dense  mass  similar  to  that  seen  in 
the  formation  of  the  genu  anteriorly.  They  then  seem  to  cross 
in  the  splenium,  and  pass  thence  into  the  posterior  limb  of  the 
inner  capsule.  The  fibres  of  the  "optic  radiation"  band  are 
gathered  in  from  the  parieto-occipital  region  also,  but  they 
appear  to  be  more  numerous  than  those  which  are  callosal.  The 
two  sets  of  fibres,  however,  seem  to  lie  side  by  side  at  their 
origin,  and  are  quite  indistinguishable. 

Destinations  of  the  Callosal  Fibres. 

Having  thus  traced  the  callosal  fibres  from  their  origin  in  the 
cortex  down  to  the  capsules,  in  the  middle,  anterior^  and  posterior 
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cerebral  regions,  the  problem  remains  to  be  solved  as  to  where 
they  go  to  after  entering  the  capsules. 

It  can  be  easily  seen  that  they  tend  to  converge  towards  the 
thalamus,  and  it  is  undoubtedly  within  this  ganglion  that  a  great 
many  of  them  terminate.  We  constantly  hear  the  term  ''  knee 
of  the  inner  capsule  "  employed  to  designate  the  dense  mass  of 
fibres  which  lies  at  the  point  of  union  of  its  anterior  and  posterior 
limbs,  but,  so  far  as  my  own  inquiries  go,  no  explanation  of  the 
meaning  of  this  aggregation  of  fibres  has  ever  been  given.  It 
might  be  supposed  that  the  fibres  of  the  anterior  and  posterior 
limbs  met  here  before  descending  to  the  pedunculus  cerebri.  The 
fibres  of  the  pedunculus,  however,  do  not  descend  at  this  point, 
but  at  a  considerable  distance  behind  it.  It  is  utterly  untenable 
to  suppose  that  the  whole  mass  of  the  inner  capsule  fibres 
passes  into  the  pedunculus.  The  knee  of  the  inner  capsule  is 
certainly  a  point  of  junction,  yet  the  fibres  comprising  it  do 
not  all  descend,  but  the  majority  of  them  become  attached  to 
the  adjacent  thalamus.  The  direct  motor  fibres  descend,  and 
the  callosal  at  this  point  become  lost  in  great  part  in  the  grey 
matter  of  the  thalamus.  The  knee  of  the  inner  capsule,  in 
fact,  is  not  inner  capsule  at  all,  but  a  segment  of  the  grey 
matter  of  the  thalamus  beset  with  a  vast  complex  of  fibres. 
In  Plate  XXII.  the  anterior  border  of  the  knee  is  alone  repre- 
sented, but  it  will  be  noticed  that  even  here  the  inner  capsule 
has  already  lost  the  bulk  of  its  fibres  by  their  leaving  it  to 
become  bound  up  with  tliis  ganglion.  It  is  only  at  a  point 
posterior  to  the  knee  that  its  bulk  again  increases,  from  the  fact 
that  its  fibres  are  recruited  by  those  coming  from  behind.  I 
think  that  not  the  whole,  but  nearly  the  whole,  of  the  crossed 
callosal  fibres  in  the  anterior  limb  of  the  capsule  end  here  or  in 
some  other  part  of  the  thalamus. 

Some  of  them  seem  to  enter  the  caudate  nucleus,  but  only  a 
very  few.  It  is  a  curious  fact  that  the  caudate  nucleus  in  Man 
appears  to  receive  very  few  terminal  fibres.  The  majority  of  the 
bundles  seen  in  it  appear  to  pass  completely  through,  and  do 
not  form  a  permanent  attachment  to,  its  cells.  As  to  whether 
the  lenticular  nucleus  receives  any  of  these  crossed  callosal  fibres 
I  cannot  with  certainty  indicate.  I  have  not  as  yet  investigated 
this  point  with  that  care  which  it  would  require  for  its  elucida- 
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tion.  Namerous  fibres  go  from  the  inner  capsule  to  the  lenticular 
nucleus,,  but  whether  these  have  come  from  below  or  from^bove 
is  by  no  means  easy  to  settle.  If  they  come  from  above  there 
then  follows  the  query  whether  they  are  crossed  callosal  or 
direct  descending.  I  will  not,  in  the  face  of  insufficient  evidence, 
hazard  any  opinion  on  the  subject,  which  might  be  misleading. 
I  think,  however,  that  it  is  very  likely  that  the  striae  meduUares 
at  least  of  the  lenticular  nucleus  may  be  crossed  callosal.  This 
seems  probable  from  their  origin  above,  and  from  the  coarse  of 
their  fibres  through  the  nucleus  corresponding  closely  with  that 
of  the  fibres  of  the  outer  capsule. 

Now  the  descending  fibres  of  the  pedunculus  cerebri,  as  they 
become  visible  on  the  base  of  the  brain,  and  afterwards,  are  far 
more  abundant  than  the  attenuated  tracts  of  the  anterior  pyra- 
mids, and  hence  it  follows  that  many  of  them  must  lose  them- 
selves and  become  attached  within  the  pons.  I  think  that  it  is 
very  likely  that  many  of  these  peduncular  fibres  are  crossed 
callosal,  and  that  they  become  united  with  the  large  masses  of 
grey  matter  intercalated  between  the  transverse  fibres  of  the 
pons.  It  might  also  be  conjectured,  although  this  is  a  mere 
conjecture,  that  some  of  them  may  similarly  be  in  communica- 
tion with  the  ganglia  of  the  medulla  oblongata  or  with  nerve 
cells  of  its  reticular  tissue.  Whether  the  tegrnefnial  corona 
becomes  ultimately  callosal  or  not,  I  cannot  as  yet  say. 

It  will  be  seen  that  I  do  not  regard  the  ordinary  pedunctUar 
corona  radiaia  as  existing  in  the  form  that  is  generally  deecribed. 
The  only  fibres  of  the  c^ebral  peduncle  which  radiate  out  into 
the  hemispheres  of  the  same  side  are  the  direct  motor  fibres, 
along  with  those  special  bands  going  to  the  occipital  lobe  and  to 
other  definite  situations.  These,  however,  constitute  but  a  small 
portion  of  the  inner  capsule.  The  great  mass  of  the  fibres  which 
apparently  radiate  outwards  from  the  inner  capsule  to  the  cortex 
of  the  same  side,  in  reality  crosses  in  the  corpus  callosum  to  the 
opposite  side. 

Is,  then,  the  entire  centrum  ovale  constituted  by  these  two 
sets  of  fibres — the  crossed  and  the  direct  ?  It  certainly  is  not, 
for  it  requires  a  very  superficial  examination  to  discover  that 
the  ''association  system,"  or  that  class  of  fibres  which  runs 
between  the  different  convolutions,  constitutes  a  by  no  means 
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small  complement  of  the  medallaiy  white  matter.  In  large 
microscopic  preparations,  enormous  bands,  which  seem  at  first  to 
be  running  downwards  from  the  cortex  towards  the  inner  cap- 
sule, are  found,  if  traced  sufficiently  far,  to  sweep  round  to  a 
neighbouring  convolution.  As  this  system,  however,  does  not 
concern  us  at  present,  I  shall  dismiss  its  consideration,  and 
merely  remark,  that  the  white  matter  of  the  cerebrum  appears 
to  be  TTuitTiZy  constituted  of  three  great  systems.  The  first  is  the 
direct,  which  comprises  such  fibres  as  the  motor  from  the  neigh- 
bourhood of  the  fissure  of  Rolando,  the  direct  so-called  sensUive 
band  from  the  parieto-occipital  region,  the  anterior  peduncle  of 
the  thalamus,  &c.  The  second  is  the  crossed  callosal,  with  the 
origin  and  connections  described ;  and  the  third  is  the  associa- 
tion class  of  fibres  running  between  different  convolutions. 

It  has  been  briefly  stated  in  the  first  part  of  this  paper  that 
the  crossed  callosal  trad  also  ends  partly  in  the  otUer  capsule ; 
and  I  now  wish  to  direct  more  particular  attention  to  what 
becomes  of  the  fibres  entering  this  body.  The  outer  capsule,  as 
can  be  readily  seen  from  such  a  drawing  as  that  of  Plate  XXIL, 
consists  of  two  layers.  The  external  (///.)  takes  origin  from 
the  margin  of  the  operculum  and  edge  of  the  Sylvian  fissure 
posterior  to  this ;  whereas  it  can  be  distinctly  noticed  that  the 
internal  is  an  offshoot  of  the  crossed  callosal  tract.  It  would 
require  a  special  treatise  to  describe  the  terminations  of  these 
crossed  callosal  fibres  entering  the  outer  capsule,  for  I  believe 
that  it  is  one  of  the  most  important  structures  in  the  human 
brain.  Briefly  speaking,  however,  I  may  say,  without  entering 
into  particulars,  that  it  terminates  below  in  the  following  parts : — 
(1)  Most  anteriorly  a  leash  of  fibres  comes  off  from  it  which 
below  enters  the  inner  capsule,  mingling  with  the  bundles  of 
this  structure,  and  losing  itself  among  them.  (2)  The  next  off- 
shoot is  to  the  olfactory  tract — a  very  large  bundle  which,  so 
far  as  I  know,  has  never  been  described.  A  few  of  these  fibres 
are  seen  in  Plate  XXII.,  at  o.c.o.,  but  the  plane  of  section  is  too  far 
back  to  show  them  properly.  The  bundle  is  large,  and  seems  to 
be  one  of  the  chief  origins  of  the  olfactory.  (3)  The  third  off- 
shoot is  to  the  anterior  commissure.  (4)  The  fourth,  a  most 
important  one,  is  to  the  optic  tract.^    When  I  say  that  in  man 

^  See  my  communication  on  this  subject,  Ptoc,  Eoy.  Soc  lavdon,  April  17, 1884. 
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the  optic  tract  is  largely  derived  from  the  outer  capsule,  I  am 
afraid  the  statement  will  be  discredited  by  most  aaatomists.  It 
is,  however,  I  believe,  perfectly  true  that  a  great  mass  of  fibres 
enters  the  tract  from  this  source,  and  these  again  seem  to  be 
crossed  callosaL  (5)  The  fifth  and  last  connection  of  the  crossed 
calloeal  fibres  of  the  outer  capsule  is  with  the  temporo-sphenoidal 
lobe, — a  connection  very  readily  seen,  but  not  usually  described. 

In  conclusion,  it  may  be  asked — Granted  that  the  majority  of 
the  callosal  fibres  have  the  origin  and  destinations  I  have  de- 
scribed, is  it  not  possible  that  some  of  them  may  be  commissural? 
I  shall  not  venture  to  deny  what  cannot  be  positively  disproved, 
but  would  say  in  reply,  that  if  there  are  any  such,  they  must  be 
in  small  number,  because  the  crossed  callosal  tracts,  taken  to- 
gether, more  than  correspond  to  the  bulk  of  the  tectorial  part 
of  the  corpus  callosum.  For  my  own  part,  I  do  not  believe  that 
they  exist. 

It  would  b^  idle  to  speculate,  at  the  end  of  a  paper  such  as  the 
present,  upon  the  functions  discharged  by  these  various  connec- 
tions of  the  corpus  callosum  in  the  brain  of  man  and  the  higher 
mammals.  It  is  not  speculation  but  undeniable  evidence  which 
is  required  in  a  subject  such  as  this ;  and,  as  I  said  in  the  com- 
mencement that  this  paper  was  essentially  to  be  a  description  of 
the  origin  and  destination  of  the  callosal  system  in  the  adult,  I 
must  leave  this  other  most  important  aspect  of  the  question  un- 
touched for  the  present.  I  frame  no  theories  upon  what  I  have 
described.  I  have  merely  related  what  I  have  seen;  and  if, 
from  the  want  of  illustration,  the  reader  may  not  have  derived 
the  same  vivid  impressions  as  the  data  have  conveyed  to  my 
own  mind,  I  trust  that  at  some  future  time  this  defect  may  be 
remedied  under  more  favourable  auspices. 
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EXPLANATION  OF  PLATES  XXL,  XXIL 

Plate  XXL 

Perpendicular  transverse  section  through  the  adult  human  brain,  a 
short  way  in  front  of  the  genu  corporis  callosL  1  Fr.  (7.,  first  frontal 
convolution;  2  Fr.  (7.,  second  frontal  convolution  (above  and  below); 
3  Fr,  C,  third  frontal  convolution;  G.  A,  gyrus  rectus;  G,  f.y  gyms 
fomicatus;  t,  t.,  tractus  intemus;  t  m.,  tractus  medius;  i.  e.,  tractos 
externus;  a,  a.,  band  of  fihres  from  gyrus  rectus  to  tractus  intemus; 
b,  6.,  band  of  fibres  from  gyrus  rectus  to  tractus  externus;  e.  c  &, 
callosal  fihres  entering  the  tractus  intemus  from  the  1st  and  2nd  frontal 
convolutions;  d.  d.  d*,  association  system  of  fihres. 

Plate  XXIL 

Perpendicular  transverse  section  through  the  adult  human  brain  in 
the  region  of  the  anterior  commissure.  As.  Fr.,  ascending  frontal  con- 
volution; A».  Pr.,  ascending  parietal  convolution;  T.  8.  Z.,  temporo- 
sphenoidal  lobe;  6r./,  gyrus  fomicatus;  G.  C,  corpus  callosnm;  L.  F., 
lateral  ventricle;  ///.  V.,  third  ventricle;/.  M.j  foramen  of  Monro; 
Fx.p  arch  of  the  fornix;  Fx.^  the  anterior  pillar  of  the  fornix  coming 
backwards;  A.  G..  anterior  commissui^;  ol.  A.G.^  olfactory  fibres  from 
the  anterior  commissure;  d.  s.,  olfactoiy  sulcus;  77^.,  thalamus — anterior 
tubercle;  /.  G.,  inner  capsule;  /8Lm.,  stria  medullaris;  L.  iV.,,  internal 
segment  of  lenticular  nucleus;  L.  iV.,,  external  segment  of  lenticular 
nucleus;  0,  G.,  outer  capsule;  GL,  claustrum;  to.  s.  /.,  white  sub- 
stance of  island  of  Reil;  /.  22.,  island  pf  Reil;  G.  N.,  caudate  nucleus; 
a.  a.,  fihres  of  inner  capsule  entering  the  thalamus;  h.  b.,  fihres  of  inner 
capsule  entering  the  caudate  nucleus;  o.  c  o.,  fihies  of  outer  capsule  to 
the  olfactory;  d.  d.  d.,  uncrossed  fibres  entering  the  corpus  csdloeum; 
e.  6.  &,  crossed  callosal  fibres  or  "the  crossed  callosal  tract;"  /././. 
fibres  of  outer  capsule  to  the  operculum ;  g.  g.  g.y  association  system, 
band  from  edge  of  operculum  to  island  of  Beil ;  x.x.x.^  junction 
between  gyrus  fomicatus  and  tectorial  part  of  corpus  callosum ;  A.  ^y 
short  obliquely  cut  bundles  of  crossed  callosal  tract  as  they  enter  the 
inner  capsule. 
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XXIIL) 

The  question  of  tumours  in  animals  has  never  been  adequately 
considered,  consequently  nothing  definite  is  known  concerning 
them.  Domestic  animals  are  very  liable  to  be  affected  with 
morbid  growths,  and  as  such  beasts  as  horses,  asses,  oxen,  sheep, 
goats,  pigs,  dogs,  &c.,  are  often  of  considerable  value  to  their 
owners,  their  diseases  have  attracted  attention.  This  has  had 
the  good  effect  of  causing  a  large  number  of  tumours  occurring 
in  them  to  be  placed  on  record.  With  only  one  exception,  that 
of  melanotic  sarcoma,  they  have  Ulirer  been  systematically 
described.  In  the  present  article  it  is  proposed  to  discuss  the 
comparative  pathology  of  tumours,  making  cautious  use  of 
recorded  cases,  and  to  add  numerous  instances  coming  under  my 
own  observation.  Throughout  I  shall  endeavour  to  limit  myself 
to  simple  statements  of  facts,  avoiding  theory  as  far  as  possible. 

The  term  "  tumour  "  will  be  used  in  a  very  definite  sense,  in 
order  to  exclude  hyperplasias,  and  the  infective  granulomata, 
such  as  glanders,  tubercle,  actinomycosis,  and  the  like : — 

A  tumour  is  a  new  growth,  characterised  by  histological  diversity 
from  the  matrix  in  which  it  grows;  it  is  distinguished  from  in- 
flammatory T^ew-formations  by  the  variety  of  its  forms,  mode  of 
origin,  and  the  frequent  inherent  tendency  it  Juts  to  increase. 

Tumours,  though  more  prone  to  occur  at  certain  spots  than 
at  others,  may  be  met  with  in  any  organ  or  tissue  of  the 
body.  Among  animals  the  commonest  places  for  tumours  are 
the  bones,  anus,  mammary  glands,  orbits,  mouth,  abdominal 
lymphatic  glands,  and  subcutaneous  tissues  in  all  regions  of  the 
body.  As  in  man,  certain  forms  of  tumours  exhibit  a  great 
tendency  to  reproduce  themselves  in  distant  organs,  and  to 
recur  after  removal ;  such  are  termed  malignant.  The  com- 
monest situations  for  these  secondary  or  metastatic  deposits,  as 
they  are  frequently  called,  are  the  liver,  spleen,  lungs,  and 
abdominal  lymphatic  glaixds. 
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Other  tumours  never  show  this  malignant  tendency,  only 
becoming  dangerous  by  their  bulk  or  situation  interfering  with 
the  functions  of  important  organs.  This  latter  group  are  usually 
separated  by  a  layer  of  neutral  tissue  from  the  surrounding 
structures,  hence  they  are  said  to  be  encapsuied.  If  they  grow 
from  the  walls  of  a  cavity,  or  near  one  of  the  natural  openings 
of  the  body,  such  a  tumour  has  a  tendency  to  become  stalked 
or  pedunculated ;  it  is  then  termed  a  polypus.  Many  of  the 
malignant  growths  difi^e  themselves  through  the  oigan  or 
tissue  in  which  they  originate,  and  lacking  a  definite  capsule 
are  said  to  be  infiltrating. 

The  following  facts  apply  to  all  tumours.  They  are,  for  the 
most  part,  solitary,  but  may  be  multiple.  They  are  very  liable  to 
retrogressive  changes — fatty,  mucoid,  calcareous,  or  pigmentary. 
Hence  they  may  soften,  liquefy,  and  form  spurious  cysts.  They 
often  ulcerate,  and  if  their  nutrition  is  interfered  with,  suffer 
necrosis.  There  is  no  limit  to  their  growth,  so  that  under 
favourable  conditions  they  may  attain  to  very  considerable 
dimensions.  Morbid  growths  exhibit  a  strong  tendency  to 
attack  functionless  or  abnormal  organs.  If  the  growth  dis- 
seminates itself,  this  may  take  place  in  two  ways,  either  by  the 
blood-vessels  or  by  the  lymphatics. 

Tumours,  even  the  most  malignant,  transplanted  into  healthy 
tissues  fail  to  grow,^  and  we  have  little  reliable  evidence  as  to 
their  capability  of  inoculation. 

Classification. 

The  most  scientific  basis  on  which  to  found  a  classification  of 
tumours  is  undoubtedly  an  embryological  one,  leaving  the 
histological  details  to  determine  the  varieties.  In  this  way 
tumours  are  divided  into  two  great  classes — those  arising  in 
tissues  mesoblastic  in  origin,  and  those  found  in  tissues  formed 
from  the  epiblast  and  hypoblast.  This  arrangement  is  by  far 
the  most  satisfactory  that  has  as  yet  been  proposed,  and  will  be 
strictly  adhered  to  throughout  this  article. 

It  will  perhaps  be  convenient  to  briefly  summarise  the  more 
important  organs  derived  from  each  of  the  three  germinal 
layers. 

^  Vide  Melanotic  Sarcoma,  page  454. 
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1.  Epihlast — This  layer  gives  rise  to  the  central  nervous  system 
and  the  epidermis ;  the  dermis  is  of  mesohlastic  origin  (so  that  the 
line  of  junction  between  the  epiblast  and  mesoblast  is  indicated  by 
that  betweeu  dermis  and  epidermis)  the  tegumentary  organs  and  the 
lens.  The  peripheral  and  sympathetic  nervous  systems.  The  retina, 
including  the  pigmented  layer.  The  epithelial  expansions  of  the 
membranous  labyrinth,  and  the  lining  membrane  of  the  nasal  fossae. 
The  cavity  of  the  mouth  and  anus,  including  the  glands  peculiar  to 
these  cavities  and  the  pituitary  body. 

2.  Hypoblast, — From  this  layer  the  epithelium  of  the  digestive  canal, 
trachea,  bronchia,  and  air  cells  is  derived.  The  epithelium  of  the  ducts 
of  the  liver,  the  pancreas,  thyroid  body,  the  other  glands  of  the  alimen- 
tary canal,  and  the  hepatic  cells.  The  lining  of  the  allantois  is  of 
hypoblastic  origin,  and  probably  the  notochord. 

3.  Mesoblast. — The  muscles,  the  bones,  connective  tissues,  and 
vessels,  including  arteries,  veins,  capillaries,  lymphatics,  and  their 
lining  epithelium,  are  derived  from  this  layer.  The  generative  and 
urinary  organs  also  come  from  this  layer.  It  must  be  borne  in  mind 
that  the  connective  tissue,  vascular  and  muscular  elements  of  epiblastic 
and  hypoblastic  structures,  are  derived  from  the  mesoblast. 

The  following  table  gives  the  arrangement  of  tumours  according  to 
the  embryological  plan.  Each  group  will  be  dealt  with  separately 
according  to  the  order  in  the  table.  The  subdivisions  will  be  made 
when  each  group  is  separately  considered  : — 


Mesohlastic  Tumours, 

1.  Fibromata. 

2.  Myxomata. 

3.  Lipomata. 

4.  Enchondromata. 

5.  Osteomata. 

6.  Odontomata. 


7.  Angiomata. 

8.  Lymphomata. 

9.  Myomata. 

10.  Neuromata. 

11.  Sarcomata. 


Epiblastic  and  Hypoblastic  TuDiours, 
1.  Adenomata.         2.  Carcinomata.         3.  Papillomata. 

Teratoid  Tumours, 
These  contain  tissues  arising  from  the  three  layers. 

Mesoblastic  Tumours. 

Fibromata. — Fibromata  are  tumours  which  agree  in  structural 
details  with  fibrous  tissue.  In  consistence  they  vary  much,  in 
some  instances  being  hard,  dense,  and  creaking  under  the  knife, 
at  other  times  they  are  soft  and  present  a  greyish  translucency. 
The  softer  forms  of  fibromata  are  rich  in  cells,  spindle-shaped  or 
caudate.    The  tougher  examples  are  made  up  of  bundles  of  wavy 
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fibrouB  tissue,  presenting  a  peculiar  whorled  appearance  contain- 
ing few  cells.  In  man  these  tumours  may  occur  in  any  organ  ur 
structure  vhlcb  contains  connective  tissue.  In  animals  the 
most  common  situation  is  the  subcutaneous  connective  and  sub- 
mucous tissue. 

The  museum  oF  the  Royal  College  o£  Surgeons  contains  several 
specimens  of  this  nature  removed  from  animals.  The  following 
cases  are  selected  from  the  catalogue  : — 

The  first  specimen  ia  a  cluster  of  tomoura,  moGtly  globular  in  form, 
varying  in  size  from  half  an  inch  to  3  inches  in  diameter,  growing 
in  or  beneath  the  mucous  membrane  of  the  stomach  of  an  ox,  and 
projecting  into  its  cavity.  On  section  they  present  on  unifonn 
greyish-white  colour,  with  numerous  paler,  wavy,  fibrous  bands  inter- 
secting each  other,  like  those  seen  in  flbro-myomata  of  the  uterus. 


Fio.  1.  — A  libroufl  tumour  attached  to  tlie  stomach  of  a  Cod-fish  (reduced  to 
one-firth  its  actual  eize). 

The  second  case  was  taken  from  a  cod-fish.  It  lay  in  the  loose  tinne 
beneath  the  akin  in  the  abdominal  region.  This  growth  presents  an 
interesting  feature,  for  it  hod  undergone  calcification,  thus  showing 
that  in  animals  secondary  changes  tt^e  place,  as  in  similar  tumonn 
occurring  in  man. 

The  third  case  represents  a  tumour  taken  from  the  stomach  of  a 
cod-fish,  where  it  had  apparently  originated  in  the  submucous  areolar 
tissue.     Its  section  shows  a  homogeneous  basis  of  a  pale  grey  colour, 
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intersected  in  various  directions  by  curving  bundles  of  white,  glisten- 
ing  fibrous  tissue. 

The  fourth  case  is  also  from  the  stomach  of  a  cod-fish.  It  is  of 
oval  form,  and  measures  9  inches  in  the  major  and  5  inches  in  the 
minor  axis.  It  appears  to  have  grown  between  the  coats  of  the 
stomach.  In  structure  it  corresponds  with  the  growths  previously 
described  (fig.  1).  The  museum  contains  a  fifth  example,  springing 
from  the  psalterium  of  the  stomach  of  an  ox.  It  is  deeply  lobulated 
and  of  considerable  size,  being  attached  by  a  small  pedicle.  The 
tumour  18  composed  of  reticulated  fibrous  tissue. 

The  fifth  tumour  occurred  in  a  variegated  rat ;  the  entire  animal 
is  preserved  in  the  museum.  Lying  immediately  beneath  the  skin  of 
the  neck  and  entirely  confined  to  the  cellular  tissue,  is  an  enormous 
tumour  relative  to  the  size  of  the  animal.  It  measures  3  inches 
in  its  longest  diameter.  Histologically  it  is  composed  of  coarse  fibrous 
tissue  (Plate  XXIII.  fig.  1).  Yirchow^  figures  an  interesting  example 
of  fibrous  pedunculated  tumours  attached  in  great  number  to  the  interior 
of  the  gall-bladder  of  a  cow,  giving  it  a  villous  aspect.  Horses  are 
liable  to  fibromata,  especially  in  the  neighbourhood  of  the  scapulsB. 

It  must  be  borne  in  mind  that  all  fibrous  tumours  may  not  have 
been  composed  of  fibrous  tissue  originally,  but  may  have  consisted  in 
great  part  of  unstriped  muscle  fibres,  which  has  later  degenerated  into 
fibrous  tissue.  The  tumours  of  the  stomach  of  the  ox  and  cod-fish 
appear  to  be  of  this  nature ;  the  tumour  of  the  rat  is  a  genuine 
fibroma.  It  has  long  been  recognised  that  muscles  little  used  or 
paralysed  do  after  a  time  become  wholly  represented  by  a  mass  of 
fibrous  tissue,  and  the  same  change  certainly  affects  the  non-striated 
variety  of  muscle  fibre. 

The  f oUowing  case,  recently  described  by  M.  Cad^ac  in  the  Recueil 
de  Medecine  Veterinairef  March  15,  1885,  seems  to  support  my  view 
concerning  the  fibroid  tumours  attached  to  the  alimentary  canaL  A 
tumour,  about  the  size  of  a  child's  head,  was  found  on  the  duodenum 
of  a  mare,  which  had  died  from  rupture  of  the  stomach,  caused  by 
the  growth.  The  tumour  was  hard,  resistant,  of  a  greyish-white 
colour,  and  enveloped  the  stomach  like  a  muff,  and  so  narrowed 
the  lumen  of  the  gut,  that  it  only  measured  2^  centimetres  at 
this  spot.  Histologically  examined,  the  growth  was  found  to  be  a 
fibro-myoma  composed  of  undulating  wavy  fasciculi,  each  fasciculus 
containing  fusiform  cells  with  a  distinct  and  elongated  nucleus.  In 
parts  the  tumour  showed  areas  of  fatty  degeneration. 

Melanotic  Mbromata, — Cornil  and  Trasbot*  describe  under  this 
name  a  very  rare  form  of  tumonr,  which  occurs  in  horses.  They 
have  observed  three  examples  of  it  The  growths  are  black  or 
of  a  sepia  colour,  and  seem  to  arise  from  hjrperplasia  of  the  con- 

^PcUhoUgie  des  Tumeurs,  torn.  i.  p.  887.     (French  edit.) 
*  Dela  Milanoaey  1868. 
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nective  tissue,  accompanied  with  a  deposit  of  pigment  in  the 
meshes. 

They  are  always  primary  tumours,  generally  of  small  volume, 
spheroidal  or  hemispherical  in  shape,  and  there  is  never  more 
than  one  on  the  same  animal.  In  two  of  the  patients  the  growths 
were  at  the  base  of  the  tail  or  around  the  anus,  equal  in  size  to 
a  man's  fist.  One  case,  however,  occurred  in  the  flank.  All 
three  of  the  tumours  arose  in  the  subcutaneous  connective 
tissue.  Histologically,  the  tumours  presented  the  characters  of 
fibrous  tissue  infiltrated  with  pigment  granules ;  in  no  part  of 
the  growth  was  it  possible  to  detect  sarcomatous  elements.  The 
melanotic  fibromata  grow  slowly,  and  if  removed  do  not  return. 
The  third  case,  an  old  mare,  set  aside  on  account  of  age,  was 
allowed  to  live  some  time  after  the  tumour  was  discovered. 
Eventually  she  was  dissected  in  every  part,  but  no  secondary 
deposits  could  be  detected. 

M.  Cad^ac^  has  recently  described  an  example  of  this  rare 
growth  in  a  cow  aged  seven  years.  It  was  situated  in  the 
middle  of  the  buttock,  superficially,  and  was  of  small  siza  He 
makes  reference  to  two  other  cases  also  in  cows. 

Myxomata. — Up  to  the  present  time  I  have  been  unable  to  find 
any  recorded  case  of  a  myxomatous  tumour  occurring  in  animals 
other  than  man.    No  example  has  come  under  my  notice. 

Lipomata. — Fatty  tumours  occur  occasionally  in  domesticated, 
but  are  excessively  rare  in  wild  animals ;  e^en  those  bom  in 
captivity  form  no  exception  to  the  rule. 

As  in  man,  they  usually  arise  from  normal  adipose  tissue ; 
yet  the  occurrence  of  fatty  tumours  in  the  connective  tissues  of 
certain  regions  of  the  body,  which  normally  contain  no  fat,  is 
not  unknown.  Histologically  such  growths  conform  to  the 
structure  of  adipose  tissue  ;  if  the  tumour  be  large  it  is  usually 
made  up  ot  fatty  tubules  bound  together  by  fibrous  septa. 

These  growths  are  rarely  the  seat  of  secondary  changes ;  the 
most  important  perhaps  is  the  deposit  of  earthy  matter 
(calcification). 

It  is  not  uncommon  in  oxen  and  horses  to  find  fatty  tumours 

1  Hecueil  de  Mid-  Vitintuiire,  March  16,  1885. 
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sometimes  of  conBiderable  size,  hanging  pendulous  from  the  in- 
testinea.  There  is  every  reason  to  regard  them  bs  bypertrophied 
appendices  epiploicie.  A  typical  specimen  is  represented  in  &g.  2, 
taken  from  the  museum  of  the  Koyal  College  of  Surgeons, 
London. 


'  Fic.  2.— A  fatt;  turaour  banging  pendnloUB  from  tbe^inteBtine  ol.an  Ox 
(one-third  tbe  natnral  bUc), 

It  was  attached  hy  a  long  narrow  pedicle  to  the  exterior  of  the 
intestine  of  an  ox.  It  is  composed  of  two  chief  parts  united  by  a 
narrow  isthmus,  and  each  is  of  an  elongated  OTal  form.  It  is  about  6 
inches  in  length  and  2  inches  in  diameter.  The  fat  of  which  it  ie 
composed  ie  firm,  like  beef-suet,  and  lobulated. 

It  is  intereBting  to  note  that  in  most  of  these  Bpecimena  the 
pedicle  is  narrow,  this  being  probably  produced  by  the  constant 
swinging  of  the  tumour  from  the  bowel.  In  some  cases  the 
pedicle  becomes  so  thin  that  the  tumour  breaks  loose  and  falls 
into  the  peritoneal  cavity. 

On  one  occasion  two  fatty  tumours,  which  had  become 
detached  in  this  way,  were  found  in  the  peritoneal  cavity  of  a 
mare.  The  larger  one  measured  4  inches  by  3,  the  lesser  3 
inches   by   2J.      They    were    completely   iaveeted    by  serous 
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membrane,  and  on  section  presented  the  granular  appearance 
characteristic  of  omental  fat  The  point  of  attachment  of  the 
pedicle  could  not  be  determined  for  certain.  These  specimens 
are  now  in  the  museum  of  the  Middlesex  Hospital  Pedun- 
culated tumours  of  this  kind  are  often  a  source  of  danger  to  the 
animal,  as  they  are  apt  to  lead  to  strangulation  of  the  bowel.  The 
Veterinarian  (vol.  viii.,  1862)  contains  numerous  cases  illustrat- 
ing this  fact.    The  following  instances  will  serve  as  examples: — 

A  horse,  thirty-three  years  of  age,  was  attacked  with  violent  spas- 
modic colic,  which  ended  fatally.  The  strangulation  was  found  to  be 
caused  by  a  pedunculated  fatty  tumour,  the  size  of  a  cricket  ball, 
attached  to  the  small  intestines.  The  pedicle  had  encircled  the  gut 
and  strangulated  it 

In  the  second  case  a  horse  died  with  all  the  symptoms  of  strangula- 
tion of  the  bowel  A.t  the  post-mortem  examination  two  pedunculated 
fatty  tumours  were  found  swinging  from  the  mesentery  near  to  the 
attached  border  of  the  bowel,  directly  opposite  each  other.  One  of  the 
tumours  had  by  its  weight  torn  through  the  mesentery  and  encircled 
the  small  intestine  leading  to  fatal  strangulation. 

A  fatty  tumour,  weighing  two  pounds,  has  been  found 
attached  to  the  duodenum  of  a  horse,  in  whom  it  was  the  cause 
of  invagination  of  the  bowel 

lipomata  attached  to  the  bowel  are  not  unknown  in  man. 
Virchow,  in  his  great  work  on  tumours,  figures  an  undoubted 
example  of  pendulent  fatty  tumours  hanging  from  the  colon  in 
man,  and  draws  attention  to  the  fact  that  the  narrow  pedicle  of 
these  tumours  easily  undergoes  torsion,  leading  to  defective 
nutrition  of  the  mass,  and  secondary  changes  such  as  cretifica- 
tion.  Later,  these  masses,  large  or  small,  may  become  detached, 
and  then,  as  loose  bodies,  occupy  the  peritoneal  cavity,  often 
giving  rise  to  curiosity  at  the  autopsy  as  to  their  probable  origin, 
as  well  as  on  account  of  the  hardness  and  singular  shapes  some 
of  them  assume. 

All  loose  bodies  in  the  peritoneum  do  not  arise  in  this 
manner,  some  must  be  regarded  as  calcified  subserous  uterine 
fibro-myomata  which  have  broken  their  pedicles. 

Lipomata  occurring  in  such  situations  as  those  last  deecribed 
are  easily  explained ;  but  a  fatty  tumour  in  the  substance  of  the 
heart  is  not  so  comprehensible.  A  remarkable  case  of  this  kind 
may  be  found  in  the  museum  of  the  Royal  College  of  Surgeons ; 
it  is  thus  described  in  the  catalogue : — 
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The  heart  of  a  sheep  greatly  enlarged  hj  the  growth  of  fat  on  its 
exterior  ^d  in  its  cavity.  The  muscular  walls  of  the  auricles  and 
ventricltie  are  very  thin.  The  cavity  of  the  right  ventricle  is  nearly 
filled  by  a  lobulated  mass  of  suet-like  fat,  which  has  distended  the 
walla  and  pressed  back  the  tricuspid  valve  so  as  nearly  to  close  the 
orifice  into  the  auricla  The  liuing  membrane  of  tho  ventricle  and  the 
pulmonary  artery  are  healthy.  The  cavity  of  the  left  auricle  ia 
encroached  upon  by  a  large  mass  of  fat  projecting  into  its  interior,  and 
the  lower  half  of  the  left  ventricle  is  occupied  by  a  tumour  of  the  same 
kind  as  that  in  the  right  ventricl&  The  valves  and  tho  aorta  are 
healthy.  The  heart  weighed  two  pounds  three  ounces,  the  weight 
of  the  fat  added  to  it  is  therefore  about  twenty-five  ounces.  The 
eheep  from  which  it  was  taken  was  very  inactive  and  had  dyspnoea 
on  exertion.    There  was  a  great  occuniolation  of  fat  around  the  kidneys. 

The  mass  of  fat  lying  anterior  to  the  testes  or  ovaries,  in 
the  male  and  female  frogs  and  toads  respectively,  known  to 
anatomiste  as  the  "  corpus  adiposum  "  is  an  interesting  structure. 
The  researches  of  embryologists  prove  most  concluBively  that 
the  fat-body  is  really  the  degenerated  remains  of  the  anterior 
portion  of  the  genital  ridge  of  the  embryo,  the  mass  of  cells 
from  the  posterior  part  of  which  the  ovary  or  testis  is  developed. 
Thus  every  fri^  boru  into  this  world  normally  inherits  a  "  fatty 
tamour"  in  connection  with  its  reproductive  gland.  Occasionally 
it  happens  that  this  fatty  degeneration  does  not  limit  itself  to 
the  anterior  portion  of  the  genital  ridge,  but  may  involve  the 
testicles  also. 


Fio.  8. — (A.)  The  tettis,  T,  aud  corpus  adiposnin,  C.A.,  of  s  Frog  (Sana lempor- 
aria).  (B.)  Tba  testiB,  T,  corpns  adiposom,  C.A.,  aud  Bidder's  organ  (remnant 
oF  ovarji)  of  a  Toad  {Bu/o  vulgaris),  (C.)  Abnormal  corpoa  sdipoaDm,  iavolv- 
ing  tcBtii,  of  ■  jonng  Frog  (Rana  temporaria).  (D.)  Mairomation  of  repro- 
dacdTeorgBDBof  aHonke;,  T.,  testis;  y.D.,Taa  deferens;  F.T.,  Fallopian 
tube.  Fat  replacing  the  ovary.  The  nteros  was  of  the  nsnal  shape,  bnt 
the  vagina  small,  with  a  narrow  orifice. 

The  accompanying  figures  (fig.  3)  represent  the  corpus  adi- 
posum of  a  frog  (A),  of  a  toad  (6),  and  an  abDonnal  one  (C), 
involving  the^^testis. 
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In  an  example  of  malformation  of  the  reprodacfcive  organs 
which  occurred  in  a  monkey  {GercopUhecus  lalandii),  in  which 
case  there  was  a  uterus  and  vagina,  associated  with  testes,  a  large 
mass  of  fat  exactly  recalling  a  corpus  adiposum  of  the  frog  lay 
above  each  testis.  It  may  be  argued  that,  strictly  speaking, 
these  should  rather  be  considered  as  degenerations ;  but  as  they 
increase  in  size,  and  are  foreign  to  the  matrix  in  which  they  are 
situated,  strictly  they  fall  in  the  ranks  of  tumours. 

Those  masses  of  fat,  usually  called  fatty  tumours,  which  occur 
in  the  subcutaneous  tissue,  have  no  claim  to  be  designated  as 
such,  but  ought  to  be  regarded  rather  as  examples  of  local  hyper- 
trophy. The  term  lipomata  being  reserved  for  those  tumonrs 
composed  of  fat,  which  grow  in  such  situations  as  the  palm  of 
the  hand,  in  the  substance  of  the  tongue,  in  relation  with  striped 
muscle,  or  in  the  substance  of  the  heart,  as  in  the  case  of  the 
sheep  just  detailed.  It  is  only  in  such  situations  as  these  that 
we  can  truly  say  that  the  tumour  presents  histdogical  diversUy 
from  the  matrix  in  which  it  is  situated. 

Enchondromata. — This  term  is  applied  to  tumours  which 
consist  essentially  of  cartilage.  The  fact  that  these  growths  may 
be  pervaded  by  tracts  of  fibrous  tissue  for  the  conveyance  of 
blood-vessels  to  nourish  the  abnormal  mass,  does  not  at  all 
affect  the  definition.  Some  pathologists  propose  to  limit  the 
term  enchondromata  to  tumours  which  do  not  arise  from  pre- 
existing cartilage,  and  propose  to  call  those  growths  which  arise 
as  a  local  overgrowth  of  cartilage — ecchondroses.  This  limita- 
tion of  the  term  will  not  hold  good,  for  there  is  abundant  good 
evidence  to  support  Virchow's  view  regarding  the  probability 
that  many  osseous  enchondromata  originate  in  remnants  of 
cartilage,  which  have  abnormally  remained  unossified.  This 
will  be  referred  to  in  dealing  with  the  aetiology  of  tumours. 

The  following  instances  of  cartilage  tumours  have  come  under 
my  notice : — 

A  Lizard  (an  Indian  Monitor),  which  was  extensively  affected 
with  rickets,  presented  numerous  enchondromata  in  various 
parts  of  its  body.  The  two  largest  were  found  at  the  fifth  and 
seventh  cervical  vertebrae,  and  considerably  expanded  their 
centra.  A  large  mass  surrounded  the  glenoid  cavity  of  each 
scapula.    The  right  humerus  presented  two  laige  growths  imme- 
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diately  above  the  condyles  (fig.  4).     The  left  humerus  preaeuted 
one.     The  metacarpal  bones  possessed  two,  near  their  distal 
extremities;  and  four  were  found  grow- 
ing on  the  comua  of  the  hyoid  bona 
Histologically  these  growths  were  com- 
posed of  hyaline  cartilage. 

A  bird  (a  young  Ithea)  died  in  cou- 
aequence  of  a  fractured  leg.  Its 
skeleton  was  aSected 
throughout  with  rick- 
ets, but  on  each  meta- 
tarsal bone  an  en- 
chondroma,  the  size 
of  a  walnut,  existed. 
The  metatarsne  of  bird 

is  confiuent;  that  is  Fio.  4. — Hnmenu  of  a  Honitor 
to  say,  the  three  bones  ^'^^'  ^f"  enehondromata 
,         .       ,,     .  ,       (Patk.     iSoc     Tntna.,     vol. 

forming  that  segment    ^^^^^^  , 
of  the  pes  are  fused 

so  as  to  form  a  single  bone.    At  the  proximHl 
end,  in  young  birds,  an  epiphysis  may  be  de- 
tected.   This  epiphysis  really  represents  the 
distal  row  of  tarsal  bones  seen  in  mammals, 
but  in  birds  it  fuses  with  the  metatarsus.     A 
line  of  cartilage  exists  bebweeu  the  two  parts 
in  all  young  birds.     In  the  case  under  con- 
eideration  the  tumour  clearly  originated  as  an 
overgrowth  of  this  epiphysial   cartilage,  and 
agreed  with  it  in  structural  details  {vide  fig.  5). 
AmoE^  curious   situations    for   enchondro- 
matous  tumours  to  occur  must  be  mentioned 
Fio  5  —Metatarsal  of  ^^^  ^^^^'  mammary  gland,  and  the  testicle, 
a  Bird  {ja™  amori.       ^^  growth  in  one  well  reported  case^  was  found 
flwo),  w>th  a  carti-  ^  j^g  j^jjg  of  an  asa     It  occupied  the  dcrsal  sur- 
face of  the  left  lung  poeterior  to  the  root.     The 
tumour  weighed  eighty-four  drachmB,  and  measured 
■   7  inchep  in  length,  8  inches  in  ividth,  aod  3  inches 
'  in  thickneea.     It  was  microscopically  examined  by 
Barlow,  the  well-known  Veterinary  teacher   of  Edinburgh.     It  waa 
'  Velerinariait,  1851. 


lage 

nection  with  itH  cpi- 
pbjsiB  (Palh.  Soc. 
Trana. ,  vol. 
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composed  of  a  large  quantity  of  fibrous  tissue,  which  formed  a  dense 
interlacement  throughout  the  tumour.  Cells,  resembling  cartilage  ceUs, 
were  found  with  an  amorphous  intercellular  material  In  the  softer 
portions  of  the  tumour  the  cells  were  fewer  in  number,  and  the  inter- 
cellular material  contained  numerous  molecules  and  granules  In  these 
parts  the  consistence  of  the  tumour  was  softer  than  any  variety  of 
cartilage.     Calcareous  particles  were  diffused  throughout  the  growth 

A  tumour  of  similar  character  has  been  reported,^  growing  in  the 
mammary  gland  of  a  bitch.  Similar  tumours  have  been  found  in 
connection  with  the  testicles  of  colt&^  In  one  instance  a  cartilaginoos 
tumour,  removed  from  this  situation,  was  found  to  contain  a  calcareous 
mass  as  large  as  a  hen's  egg.  Since  Mr  Butlin  ^  has  investigated  the 
question  of  the  very  frequent  occurrence  of  masses  of  cartilages  in 
spindle-celled  sarcomata  occurring  in  man,  it  seems  exceedingly 
probable  that  these  instances  are  to  be  regarded  as  chondrifying  sarco- 
mata and  not  primary  enchondromata.  This  subject  will  be  more 
fully  dealt  with  when  spindle-celled  sarcomata  are  considered. 

OsTEOMATA. — The  osteomata  are  tumours  composed  of  osseous 
tissue ;  they  may  occur  in  any  part  of  the  body,  but  their  usual 
seat  is  in  connection  with  the  bones.  It  is  usual  to  include  all 
kinds  of  osseous  formations  under  this  term,  irrespective  of  their 
origin.  In  some  of  the  best  museums  in  London,  speciuiens  are 
often  described  as  exostoses,  which  are  palpably  of  inflammatory 
origin.  In  this  section  the  diffuse  bony  overgrowths  known  as 
Hyperostoses,  those  of  less  extent  known  as  Osteophytes,  and 
the  Heteroplastic  deposits,  which  may  arise  in  tumours,  in 
brain  membranes,  diaphragm,  muscles,  and  in  the  choroid  tunic 
of  the  eye,  will  be  excluded. 

Bony  tumours,  strictly  speaking,  are  those  circumscribed 
growths  of  non-inflammatory  origin  generally  recognised  under 
the  term  Exostosis,  and  similar  masses  occurring  in  the  interior 
of  bones  known  as  Enostoses.  Exostoses  are  by  far  the  most 
widely  diffused  throughout  the  animal  kingdom  of  any  morbid 
growths. 

As  far  as  I  can  learn,  William  Bell  was  the  first  to  describe  the 
very  curious  exostosed  condition  of  the  bones  of  Chsetodon.  The 
original  description  is  in  the  Pkii.  Trans.,  1793. 

The  fish  in  question  is  generally  about  18  inches  long,  13  inches 
broad,  and  about  3  in  thickness.  It  is  frequently  caught  at  Benooolen 
and  several  other  parts  on  the  west  coasts  of  Sumatra. 

^  Veterinarian,  4th  series,  voL  xvii. 

*Ibid,f  4  th  series,  vol.  zxviii. 

'  Sarcoma  and  Carcinoma,  London,  1882. 
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"  The  skeleton  is  veiy  BJDgnlar,  many  of  the  bones  having  tiunoutB, 
which,  in  the  fint  fiah  Mr  Bell  baw,  he  suppoeed  to  be  exoatoees  arising 
fn>m  dieeaae ;  bnt,  on  dissecting  a  second,  found  the  corresponding 
bones  had  eiactljr  simiki  tumours,  and  the  fishermen  informed  him 
thej  were  always  found  on  this  fish  ;  he  theiefoie  concludes  them  to 
he  natnial  to  it  (fig.  6). 


Fio.  e.— EiodMes  on  Chutodon  (modified  (rom  Bell). 

"In  Mr  Hanter'B  collection  are  two  or  three  of  these  hones,  but  Mr 
Bell  never  knew  what  fisb  they  Iwlonged  to ;  they  were  supposed  to 
be  from  tht  back  of  some  of  the  lai^  rays. 

"  In  ChsetodoD  the  tumours  are  spongy,  and  so  soft  as  easily  to  be 
cut  with  a  knife;  they  were  filled  with  oil," 

Bell's  original  specimen  is  in  the  museum  of  the  College  of  Surgeono, 
with  several  other  examples  of  this  curious  condition. 

Bayer,  in  his  Archives  de  Mid.  Comparie,  1843,  refers  to  Bell's 
obseirations,  and  mentions  that  the  fish  is  called  Plataa  noduleux  by 
Cnvier,  hut  that  Schneider,  in  conseiiQence  of  the  exostoses,  called  the 
fish  Uhaiodon  arthriticue  {arthriiique  ou  goutteiix).  Bayer  further 
states  that  the  collection  of  the  Museum  d'Hiatoire  Naturelle  contains 
some  specimens  of  the  exostoses,  but  they  were  extremely  hard.  On 
section  the  original  limit  of  the  ray  could  he  detected  in  the  thick- 
ness of  the  tumour.  M.  Valenciennes  has  also  detected  numerous 
exostoses  on  various  parts  of  the  skeleton  of  Ephippua  gigas,  which  in 
common  with  other  species  of  Squaniipennes  are  hahle  to  these  tumours. 

In  Epkipput  faber  they  affect  particularly  the  occipital  crest. 

For  my  own  part,  I  do  not  think,  notwithstanding  the  fact  that  these 
exostoses  are  so  frequent,  they  should  be  considered  in  any  other  light 
than  that  they  are  pathological. 

Paul  Gervais  ^  has  also  recorded  some  admirable  examples  met  with 
in  fish.  In  fig.  7  the  anterior  vertehne  and  corresponding  dorsal 
rays  of  a  Scabbard  fish  (Lepidopus)  are  represented  of  the  natural 
size.  Four  of  the  dorsal  rays  bear  an  exostoses  on  their  under 
surface. 

In  another  fish  {Pagrus  unieolor)  obtained  from  Australia,  a  large 

exostosis  was  found  to  have  developed  on  the  occipital  crest.     It  is 

'  Journal  de  Zoologit,  vol.  iv.  1876. 
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represented   twotbicds  its  natural  size  in  fig.   8.      A   similar,  but 
much  smaller,  growth  lay  posterior  to  it. 


Fio.  7.— Five  rertebne  of  a  Fish  (Lepidopua)  with  exoBti»«s  (»iUr  Gerraii). 

A  transverse  section  of  a  portion  of  the  large  tumour  showed  that 
the  growth  was  composed  of  successive  layers  of  a  tissue  resembling 
dentine,  traversed  by  nutrient  canals,  each  layer  of  this  vaso-dentine 
being  separated  by  a  tract  of  more  compact  osseous  tissue,  as  showD 
in  fig.  8. 


Fio.  S. — Exostosis  of  a  Fiah  {Fagms  unieolor)  growing  from  the  occipital 
crMt  (one-thinl  its  oaturaL  size).  The  MCOiupanfiDg  figure  shoWB  the 
resembluDce  histologically  to  vaao -dentine. 

Tissue  of  this  character  eiiters  largely  into  the  formation  of 
the  hard  parts  of  the  skeleton  of  the  majority  of  fish,  more 
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especially  in  counectiou  with  the  teeth,  so  that  its  occuireDce  in 
ezoetoaes  of  fieh  ia  not  more  remarkKhle  than  oBseous  tisaue  in  the 
morbid  growths  of  mammaU.  Nevertheless,  it  is  interestiDg  to 
note  that  the  only  traces  of  this  piscine  tissue  iu  animals  other  than 
fish  are  confined  to  the  teeth  of  very  few  mammals,  the  extinct 
M^atherium  particularly,  and  in  the  teeth  of  man  only  occurs 
as  a  rare  pathological  formation  in  the  form  of  vascular  dentine. 

The  museum  of  the  Royal  College  of  Sui^eons  contains  the 
following  interesting  examples  of  exostoses  in  fish : — 

The  first  one  (fig.  9)  is  an  example  of  an  '~~ 

exostosis  half  an  inch  in  diameter  growing 
from  the   vertebrse  of  a  cod-fish  {Gadus 
morrkua).    An  important  feature  in  this 
growth,  which  is  made  up  of  hard  compact 
bone,  is  that  it  springe  from  the  meeting- 
place  of  two  vertebrse,  that  is  at  a  spot 
corresponding   to  the  intervertebral  sub- 
stance.    The  second  example  is  that  of  an   ^■''-  *■— *»  "oatoeia  in 
exostosis  on  the  dentary  bone  of  a  Pike ;     tiibi^ota  Cod-fish 
it  is  finely  epiculated  and  springs  from  the 
alveolar  border  of  the  bone.    It  has  displaced  two  of  the  teeth 
inwards  (fig.  10). 


Fro.  10.— ExoBt<«u  on  the  dentary  bone  of  a  Pike  (Museam  of  the  College 
of  Surgeona). 

The  third  case  is  that  of  a  heavy  disc-shaped  osseous  tumour, 
about  2  inches  in  diameter,  and  half  an  inch  in  thickness, 
growing  from  the  superior  maxilla  of  a  cod-fish  (fig.  U).  In  its 
external  appearance  and  internal  structure  it  resembles  the 
tumour  on  the  vertebrfe  of  the  cod-fish  before  quoted. 

The  same  museum  possesses  a  portion  of  a  large  ivory-like 
tumour,  which  grew  from  the  forehead  of  an  ox,  and  appeared  to 
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have  had  its  origin  in  the  frontal  Binusea.  It  was  spheroidal  in 
shape,  weighed  upwards  of  sixteen  pounds,  and  measures  8}  inches 
in  its  greatest  diameter.  Its  surface  is  tuberous,  but  hard  and 
smooth  like  an  elephant's  tusk.  The  whole  of  the  tumour 
has  the  microscopic  structure  of  bone. 

The  same  museum  coDtains  tbe  ulna  of  a  fowl,  which  is  em- 
bedded, except  at  its  articular  Burfaces,  in  a  very  compact  bony 
tumour,  which  both  fills  its  cavity  and  grows  nearly  an  inch 


Fio.  II. — ExosUwUoD  tbe  tuperior  maiilla  of  a  Cod'fish. 

beyond  its  normal  compact  wall.  The  museum  of  Guy's  Hospital 
possesses  an  interestiog  example  of  exostosis  attached  tu  femur 
of  oat.  It  is  represented  of  natural  size  on  Plate  XXIII.  fig.  2. 
Osseous  tumonrs  have  been  found  connected  with  the  nasal 
septum  in  the  horse. 

In  one  recorded  case^  tbe  mass  was  distinctly  pedunculated,  meBsnied 
11^  inches  in  circumfeience,  and  weighed  21  ouucea.  It  hod  made 
its  way  into  the  antrum,  causing  absorption  of  the  outer  wall  of  tbe 
nasat  fossa.  On  section  it  presented  all  the  ordiuary  characteis  of 
bone. 

In  another  instance  an  osseous  tumour  was  safely  removed  from  tbe 
palatal  surface  of  the  premasillary  hone  of  a  three-year-old  colt  The 
tumour  had  displaced  the  incieor  teeth.  It  measured  4  inches  in 
len^h,  nearly  3^  inches  in  width,  and  1^  inch  in  thickness.  It  weighed 
5  ounces.  In  microscopical  characters  it  conformed  to  the  structure 
of  true  bone. 

In  the  bumftD  subject  exostoses  have  been  known  to  break 

'  Vtlerinarian,  vol.  xiviii.  p.  84. 
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from  their  attachment  and  lie  loose  in  the  cellular  tissua     The 
following  cases  appear  to  be  of  this  nature : — 

(1)  An  exostosis,  which  was  removed  from  a  horse,  weighed 
27  ounces,  and  lay  loosely  connected  by  cellular  tissue  to 
the  bones  of  the  stifle  joint  (knee).  It  had  been  observed 
to  increase  in  size  from  a  hazel  nut  to  10  inches  in  diameter. 
It  was  surrounded  by  cartilage. 

(2)  An  osseous  tumour,  loosely  attached  to  the  inner  and 
front  part  of  a  horse's  hock.  The  bony  mass  was  of  the  size  of 
an  orange  (  Veterinarian). 

The  museum  of  the  fioyal  Veterinary  College,  London,  con- 
tains some  specimens  of  exostoses  removed  from  the  skulls  of 
horses.  Three  of  them,  formed  of  very  hard  dense  bone, 
exactly  resembling  that  which  composes  the  "  ivory  exostoses  ** 
of  human  pathology,  were  removed  from  the  neighbourhood  of 
the  petrous  and  mastoid  portion  of  the  temporal  bone — a 
region  of  the  human  skull  where  osseous  growths  occur  with  ex- 
treme frequency.  The  largest  of  these  tumours  measures  8  inches 
in  length,  5  inches  in  width,  and  3  inches  in  thickness.  Among 
them  is  one  which  grew  on  the  inner  aspect  of  the  cranium. 
It  is  of  less  density  than  the  others,  and  resembles  pumice-stone 
in  appearance.  There  is  no  variety  of  new  formation  so  widely 
diffused  as  the  bony  tumour  or  exostosis.  Its  presence  has  been 
recorded  in  fish,  recent  and  extinct,  in  amphibians,  in  birds,  and 
in  many  varieties  of  mammals.  The  universal  presence  of 
osteomata  is  to  be  explained  by  the  existence,  in  all  vertebrate 
forms,  of  that  peculiar  substance  which  forms  so  large  a  part  of 
the  skeleton  of  lower  animals,  and,  for  a  brief  period,  that  of  the 
highest  types — hyaline  cartilage. 

Odontomata. — An  odontome  is  a  tumour  composed  of  dental 
tissues,  arising  in  connection  with  teeth  or  germs  of  teeth.  Up  to 
the  present  time  the  only  classification  of  these  tumours  in  use  is 
the  very  unsatisfactory  one  introduced  by  Broca  in  his  Traits  des 
Tumeurs,  vol.  ii.,  1869,  where  he  endeavours  to  arrange  odontomes 
in  classes  according  to  the  stage  of  development  of  the  tooth 
at  which  the  tumours  probably  arise.  Almost  every  writer 
on  tooth  tumours,  since  Broca  wrote  his  well-known  work,  have 
found  occasion  to  complain  of  the   eminently  unsatisfactory 
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character  of  the  classification  adopted  by  him ;  but  no  one  has 
attempted  to  improve  matters  by  suggesting  a  better  one. 
In  this  article  I  shall  adopt  the  plan  followed  with  regard  to 
other  tumours,  and  arrange  them  according  to  their  histological 

structure. 

The  teeth  of  most  mammals  consist  of  three  distinct 
structures — (1)  enamel,  which  is  of  epiblastic  origin;  (2) 
dentine ;  and  (3)  cementum.  The  two  last  arise  from  mesoblastic 
tissues.  To  these  must  be  added  the  modification  of  dentine, 
known  as  osteo-dentine. 

I  am  unaware  of  enamel  ever  entering,  in  any  considerable 
quantity,  into  the  formation  of  an  odontome,  hence  it  is  not 
necessary  to  make  provision  for  it ;  this  is  very  convenient,  for, 
if  such  were  the  case,  an  odontome  composed  of  enamel  would 
have  to  be  classed  under  the  epithelial  tumours,  whereas  now 
all  the  odontomes  I  am  acquainted  with  consist  of  the  other 
elements  of  the  teeth,  and  strictly  come  among  mesoblastic 
tissues. 

Classification  of  the  Odontomata, 


1.  Cementomata. 

2.  Dentomata. 


3.  Osteo-dentomata. 

4.  Mixed  Odontomata. 


1.  Cementomata — In  this  variety  the  bulk  of  the  tumour  is 
made  up  of  cementum,  often  arranged  in  layers  if  the  tumour 
be  a  large  one.  It  is  a  tissue  like  true  bone,  slightly  modified 
in  structure,  containing  lacunae  and  canaliculi.  If  the  mass  is 
very  thick  it  may  contain  Haversian  canals.  Seeing  that  the 
teeth  of  ruminants  contain  a  very  large  proportion  of  cementum, 
it  need  not  surprise  us  to  find  that  cementomata  are  especially 
frequent  among  them,  and  attain  considerable  proportions. 

Broca  ^  has  described  and  figured  some  interesting  examples  of  this 
variety  in  the  horse;  the  abnormal  masses  were  attached  to  the 
molar  teeth  and  composed  almost  entirely  of  cementum ;  some  of  the 
examples  mentioned  by  this  observer  are  deposited  in  the  museum  at 
Alfort  It  is  curious  to  note  that  in  some  of  these  instances  the 
tumours  had  become  worn  on  one  of  their  surfaces,  having  been 
used  in  mastication.  Mr  Charles  Tomes ^  described  an  example  of  this 
variety  of  odontome  connected  with  the  molar  of  a  horse.     The  mass 

'  TraiUdes  Tutneurs. 

2  Tran8,  Odonto,  Soc  1871-72. 
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was  five  or  six  timee  as  lai^e  as  the  tooth  itself,  and  weighed  ten 
oDUces.  On  its  upper  surface  it  is  in  one  place  deeply  worn  and 
grooved  by  the  opposite  teeth  in  mastication.  The  great  bulk  of  the 
tumour  waa  in  front  of  the  molar  to  which  it  was  attached.  Examined 
microscopically,  it  was  found  to  be  composed  entirely  of  cementum. 
The  outside  consisted  of  mimeroua  parallel  lamina  of  this  tissue,  not 
differing  in  any  marked  character  from  that  which  naturally  covers 
the  tooth  fang  in  the  herbivora.  luside  this  laminated  covering  there 
is  a  (issue  quite  devoid  of  anything  like  lamination,  in  which 
numerous  bono  corpuscles  are  found,  and  an  abundance  of  thoee 
globular  forms  which  are  seen  in  secondary  dentine,  or  in  dentine  of 
imperfect  formation. 

Other  observers,  as  E.  M.  Bosseaux,  Goubaux,  and  Magitot,  have 
recorded  instances  of  odontomata  occurring  in  connection  with  the 
teeth  of  horses.  Many  cases  reported  by  Magitot,  however,  were 
taken  from  the  museum  of  the  Veterinary  School  at  Alfort,  and  have 
been  already  alluded  to. 

Tnmours  composed  almost  entirely  of  cementum  are  not  con- 
fined to  herbivorous  animals.     In  fig.  12  is  represented  the  left 


Fia.  12.- 


-An  Odontome  connected  with  the  ii 
composed  of  c« 


Agonti.     It  i« 


lower  jaw  of  an  Agouti  {Dasyprocta  agouti)  ;  attached  to  the  root 
of  the  lower  incisor  is  an  odontome  of  fair  proportions  consider- 
ing tbe  size  of  the  animal.  On  splitting  the  tooth  and  the 
tumour  longitudinally  the  new  growth  was  seen  to  surround  the 
root  of  the  incisor  on  all  sides. 

Sections  of  this  hard  eabstance  were  kindly  prepared  for  me 
by  my  friend  Mr  Andrew,  the  examination  of  which  very  clearly 
shows  that  the  tumour  is  composed  chiefly  of  cementum  ;  small 
patches  of  dentLue  can  be  detected  here  and  there  throughout 
the  mass,  and  dark  areas  resembling  interglobular  spaces,  but 
more  than  three-fourths  of  the  tumour  consists  of  cementum. 

2.  Beniomata. — These  tumours  are  made  up  chiefly  of  den- 
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tioe,  but  ueaally  of  the  variety  kriowu  as  osteo-  or  Becoodary 
dentine. 

This  BubBtance  occurs  largely  in  the  teeth  of  the  Walrus  and 
Cetacea  {Odontocetea).  It  is  very  frequently  developed  in  the 
tasks  of  elephants  conBequent  on  irritatioD,  and  in  the  pulp  of 
human  teeth  when  attacked  by  cariea 

Several  example  of  dentomata  have  come  under  my  notice. 


Fia.  IS. — Hud  palate  at  Harmot.     Odontomes  connected  with  the  roots  of  the 
app«T  incisor  teeth  appearing  on  the  hard  palate. 

The  accompanying  figure  (fig.  13)  represents  the  bard  pahtte 
of  a  Himalayan  Marmot  with  two  moderate-sized  odontomata  in 
connection  with  the  roots  of  the  large  incisor  teeth.  These 
tumours,  when  examined  under  the  microscope,  were  foond  to 
be  composed  of  dentine  and  cemeutum  indiscriminately  mixed, 
but  the  dentine  preponderated. 

In  one  remarkable  case  I  found  no  less  than  four  of  these 
growths  in  the  mouth  of  a  Prairie  Marmot  {Cpurmya  ludoviciania), 
each  one  in  connection  with  the  root  of  an  incisor  tootb.  Those 
in  the  lower  jaw  were  much  larger  than  the  growths  in  the 
upper  on&    The  arrangement  of  the  lower  incisor  tooth  of  the 
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left  side  is  represented  in  fig.  14,  where  the  outer  plate  of  the 
maxillary  bone  has  been  cut  away  in  oideT  to  expose  the  odon- 
tome  in  situ. 

The  tooth  projects  very  little  above 
the  alveolar  mai^ia,  and  has  a  very 
thin  cap  of  enamel ;  passing  back- 
wards it  lies  below  the  inferior  dental 
canal  until  ita  extremity  reaches  the 
coronoid  process,  where  a  consider- 
able cavity  exists  for  ita  reception.  Fio,    H,— Lower  jaw   of  «  joang 
All  that  portion  of  the  tooth  which      M&rmot,  with  a  larga   odontome 
lies  hidden  in  the  bone  presents  a      connected  with    the   root  of   the 
nigged  surface.     At  the  base  of  the      lower  inciuir  tooth, 
coronoid  proceas  the  tooth  ends  in  a 

large  odontome,  which  mounts  upwards  as  high  aa  the  aummit  of  that 
process,  which  has  become  hollowed  out  and  thinned  to  contain  it,  the 
pressure  of  the  growth  having  caused  considerable  atrophy  of  the  bone; 
in  some  places  the  maxilla  is  so  thinned  as  to  yield  to  the  pressure  of 
the  nail. 

Mr  J.  J.  Andrews  haa  been  good  enough  to  make  aome  sections  of 
the  growth,  and  to  illustrate  its  microscopical  appearances  and  minute 
structure  by  some  admirable  drawings.  The  following  is  his  descrip- 
tion : — 

"  The  tumour  has  a  slightly  lobulated  appearance,  as  if  made  of 
spherules;  the  surface  in  places  presents  irregular  markings.  It 
measures  in  length  three-fourths  of  an  inch,  in  width  one-tbird  of  an 
inch,  and  is  half  an  inch  in  depth.  Bemembering  that  the  lower  jaw 
is  only  3  inches  long  by  1  inch  in  the  widest  part,  this  tumour 
is  of  very  considerable  size  relative  to  the  bulk  of  the  animal.  The 
normal  truncated  hollow  seeb  iu  these  teeth  is  completely  hlled  with 
secondary  dentine,  except  in  a  few  irregular  spaces  here  and  there. 
The  main  maas  of  the  growth  is  dentine,  some  parts  of  it  displaying 
interglobular  spaces ;  patches  of  enamel  may  he  seen  in  some  part  of 
the  tumour,  and  a  small  quantity  of  cementum  surrounds  it,  and  in 
places  runs  into  the  interior." 

Fig.  15  shows  a  section  of  the  tumour  magnified  about  ten  times. 
At  the  base  is  seen  the  small  pedicle  by  which  the  tooth  and  odontome 
were  attached. 

As  far  as  I  can  learn,  odontomata,  made  up  entirely,  ot  in 
chief  part,  of  dentine,  such  as  is  ordinarily  seen  in  the  teeth,  is 
very  rare  in  man. 

An  instance  of  this,  however,  is  afforded  by  a  case  recorded  by  Dr 

Forget,'  which  occurred  in  a  man  aged  twenty.     The  tumour  was  of 

the  aize  of  an  egg,  and  its  surface  was  covered  with  minute  tubercles, 

which  were  invested  by  a  layer  of  enamel.     The  tumour  was  com- 

'  Dental  Anomaiia. 
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posed  of  dentioe,  but  a  small  amount  of  enamel  aad  cementam  were 
present. 

3,  Osteo-derUomata. — Structurally  these  are  formed  of  hard 
tissue,  traversed  by  canals  which  contain  blood-vessels.  The 
dentinal  matter  may  be  deposited  in  a  globular  form  ;  from  the 


Fio.  1 5,— Section  of  an  odontome  from  a  Marmot  (magnified  •bout  ten  tinm). 
vascular  canals,  tubules,  resembling  in   their  size  and  mode  of 
ramification  the  dentinal  tubules,  pass  off  and  lose  themselveB 
indefinitely  in  the  surrounding  hard  structure. 

Tumours  composed  of  osteo-dentine  are  occasionally  found 
connected  with  the  tusks  of  elephants.  The  musenm  of  the 
Royal  College  of  Surgeons  possesses  some  very  good  examples. 
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The  museum  of  the  OdoDtoIogical  Society  of  Great  Britaiu  has 
an  excellent  specimeo  also  in  connection  with  the  tuek  of  an 
elephant.  This  has  been  examined  microscopically  by  Mr  C. 
Tomes,  and  found  to  be  composed  of  osteo-dentine. 

A  most  beautiful  specimen,  probably  belonging  to  tbie  class  of 
odontomes  is  figured  by  Magitot.^  The  tumour,  wbicb  belonged  to 
Profeeaoi  Loraine,  was  removed  from  the  side  of  tlm  tusk  of  a  young 
white  elephant  of  Siam.  It  was  an  eooraious  ovoid,  tuberculated  masa, 
meaeuring  20  centimetres  in  length,  and  9  centimetres  transversely. 

Large  masBee  of  osteo-deutine  are  often  found  in  the  interior 
of  the  tusks  of  elephants,  consetiuent  on  the  Iriitation  of  the 
pulp  by  spear  heads,  bullets,  &c.  The  odontome  represented  in 
fig.  16  is  developed  around  the  tusk  of  an  elephant,  which  has 


Fro.  16. — Odontoma  in  conuection  with  im  Elephant's  tnsk. 

become  stunted  in  <;rowth  as  a  consequence.  The  specimen  is 
in  the  museum  of  the  Eoyal  College  of  Surgeons,  and  1  have  had  no 
opportunity  of  examining  it  microscopically.  Moat  of  theae 
tumours  nre  composed  of  osteo-dentine.  The  museum  contain.1 
several  other  growths  of  this  character. 

4,  Mixed  OdorUomata. — Under  this  division  will  be  inclined 
all  those  tumours  where  the  three  dentinal  tissues — enamel, 
dentine, and  cementum — are  so  intimately  mixed  that  there  is  not 
sufficient  preponderance  of  any  one  tissue  to  distinguish  the 
tumour  and  place  it  under  any  of  the  previous  headings. 

To    this   class   most   odontomiita   occurring    in   the   human 
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Bubject  must  be  referred,  I  have  gone  very  carefally  over  the 
recorded  cases  oE  these  tumours,  and  find  that  the  majoril?  are 
composed  of  cementum  and  dentine  in  varying  proportions ;  in 
some  of  them  a  variable  quuotity  of  enamel  was  detected. 

The  remaining  cases  will  be  described  in  relation  with  their 
bearing  on  the  origin  of  these  interesting  tnmoura. 

Vitchow  qnotefl  Leiaering  conceraing  a  very  curious  tumour  found 
developed  in  the  regiou  of  the  last  molai  tooth  in  the  inferior 
maxilla  of  a  calf.  The  tumour  had  distended  the  alveolus,  and  had 
acquired  a  polypoid  form,  measuring  3  inches  by  TJ  inches.  The  sur- 
face waa  tuberculated,  each  little  papilla  being  formed  of  dentine 
covered  with  an  enamel  cap.  The  tumour  itself  was  composed  of 
connective  tissue,  vessels,  and  dentine.  Robin'  found,  in  the  inferior 
maxiUa  of  a  child  two  years  and  a  half  old,  a  tumour,  fibrous  in  ap- 
pearance, with  papillae,  presenting  distinctly  dentine  and  enamel.  It 
seems  to  me  exceeding  probable  that  in  these  two  cases  we  have  to 
deal  with  odontomata  in  an  early  stage.  The  following  example  aeema 
to  be  of  a  similar  nature  ; — 

A  hybrid  goat  (a  cross  between  a  Nubian  and  u  common  goat), 


when  three  months  old,  was  found  to  exhibit  marked  enlaigementg  on 
either  side  cif  the  face,  in  the  neighbourhood  of  the  antra  and  the 
angles  of  the  lower  jaw.     About  one  month  later  the  animal  died. 

On  making  a  section  through  the  ekull,  each  antrum  was  found 
occupied  by  a  very  thick-waUed  cyet,  in  the  interior  of  which  was  a 
molar  tootb  (probably  the  (Irst  permanent) ;  the  cyst-walla  were  an 
mcli  in  thickness.  Its  general  appearance  on  section  is  shown  in  fig. 
17.  There  can  be  little  doubt  that  the  parietes  of  the  cyst  are  really 
the  walls  of  tbe  tooth  follicle  enormously  thickened;  on  making  sec- 
'  Mim.  (U  In  Soc.  de  Biologif,  1863,  ser.  iii.  t.  i».  p.  801, 
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tions  of  the  part,  it  is  found  to  be  made  of  layers  of  connective  tissue 
undergoing  ossification,  agreeing  in  structural  details  with  the  tooth 
sac  of  a  healthy  goat  compared  with  it. 

The  growths  in  the  lower  jaw  were  situated  near  the  angle,  and  agreed 
in  structure  with  those  of  the  upper  jaw,  but  did  not  contain  teeth. 
Altogether  there  were  four  of  the  curious  cysts  in  this  goat ;  the  sur- 
rounding bony  tissue  was  so  soft  that  it  could  be  cut  with  a  knife, 
yet  the  other  parts  of  the  skeleton  were  firm  and  hard. 

Soon  after  finding  this  case  I  had  an  opportunity  of  inspecting 
a  similar  specimen  at  the  Boyal  Veterinary  College,  London, 
also  in  a  goat,  but  the  abnormal  masses  were  confined  to  each 
lower  jaw,  and  were  thought  to  be  sarcomata.  Yirchow^  has 
recorded  a  specimen  of  this  nature  under  the  name  of  a  soft 
osteoma  in  the  jaw  of  a  goat.  These  are  the  only  three  examples 
I  am  acquainted  with,  probably  they  will  be  found  not  infre- 
quent if  carefully  looked  for.  They  possess  a  considerable 
amount  of  interest,  for  they  shed  some  light  on  the  origin  of 
odontomes.  A  tooth  is  built  up  of  three  structures  of  totally 
different  origin — enamel  from  the  enamel  organ,  dentine  from 
the  papilla,  and  cementum  from  the  aveolar  dentar  periosteum 
and  tooth  follicle.  Cementomata,  or  tooth  tumours  composed 
almost  entirely  of  cementum,  are  most  common  in  herbivora ; 
they  are  generally  attached  to,  or  surround  the  molar  teeth,  and 
often  present  a  laminated  arrangement  (see  especially  Mr  Tomes' 
case  referred  to  on  page  432).  I  am  strongly  of  opinion  that  in 
the  tumours  lodged  in  the  jaws  of  these  goats  we  have  to  deal 
with  cementomata  in  the  course  of  development,  and  that  had 
they  lived  these  hypertrophied  follicles  would  probably  have 
become  hard  tumours. 

Hypertrophy  of  the  dentine  papillae  in  the  same  way  gives 
rise  to  a  dentomata,  but  as  regards  abnormality  of  the  enamel 
germ  we  are  in  total  ignorance. 

Angigmata. — Angiomata  are  tumours  consisting  of  blood- 
vessels held  together  by  connective  tissue  in  varying  proportions. 
They  include  nsevi,  erectile  tumours,  and  aneurism  by  anasto- 
mosis. 

They  are  usually  divided  into  two  classes,  simple  and 
cavernous. 

^  Cellular  Pathology^  chap.  xix. 
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1.  Simple  AnffiomcUa. — In  this  class  the  new  vessels  resemble 
normal  arteries,  veins,  or  capillaries,  in  a  dilated  and  tortuous 
condition,  bound  together  by  connective  tissua  Some  of  the 
vessels  are  of  new  formation,  but  many  of  them  must  be 
considered  as  dilatations  or  enlargements  of  pre-existing 
vessels. 

Angiomata  are  rare  in  animals.  Boll  insisted  on  this  in  1856, 
and  showed  that  the  most  frequent  seats  of  their  manifestations 
are  the  lips,  eyelids,  mammary  glands,  and  prepuce. 

2.  Cavernous  Angioirvata, — In  this  class  it  is  usual  to  include 
venous  vascular  tumours  and  aneurism  by  anastomosis.  They 
consist  of  an  erectile  cavernous  tissue,  such  as  exists  normally  in 
the  corpus  spongiosum,  the  combe  of  the  cock,  and  the  knob  on 
the  beaks  of  certain  water-fowl,  notably  the  swan.  The  structure 
of  these  appendages  serve  well  as  a  physiological  type  for  vas- 
cular tumours.  Yirchow  cites  cases  from  Gurlt^  of  aneurism  by 
anastomosis  in  the  horse  and  dog.  In  the  horse  the  upper  lip 
was  the  part  effected;  the  angioma  was  of  the  size  of  a  five  franc 
piece.  The  part  was  easily  injected  from  the  veins,  and  the 
growth  occupied  the  whole  thickness  of  the  skin. 

Sims  Woodhead  ^  mentions  that  although  angiomata  are  not 
very  frequently  met  with  in  the  liver  of  the  human  subject,  yet 
in  the  liver  of  the  domestic  cat  it  is  of  common  occurrence.  It 
may  be  detected,  as  a  rule,  near  the  surface,  and  may  be  seen 
shining  through  the  capsule  as  a  purple  or  dark  claret-coloured 
patch.  Not  only  in  the  cat,  but  in  cat-like  animals,  the 
Felidce,  this  condition  may  occasionally  be  seen ;  but  the  morbid 
patches  are,  as  a  rule,  so  small,  rarely  exceeding  a  pea  in  size, 
that,  unless  especially  looked  for,  they  are  very  liable  to  be 
missed.  The  most  marked  case  of  cavernous  angioma  that 
has  yet  come  under  my  notice  occurred  in  a  dog  fourteen  years 
old.  In  this  instance  six  tumours,  of  the  size  of  walnuts, 
occupied  the  liver  substance,  and  formed  prominences  on  its 
exterior.  They  were  of  a  dark  purple  colour,  and  when  cut 
into  were  found  to  consist  of  cavernous  spaces  filled  with 
blood.  The  morbid  masses  had  given  rise  to  no  symptoms 
during  life. 

^  Gurit,  Lehrb.  der  Path.  AncU.  der  Haussdugethiere. 
*  Practkal  Pathology. 
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Mtomata. — Myomatous  tumours  cousist  essentially  of  new- 
formed  muscular  fibres.  They  are  limited  to  certain  regions  of  the 
body.  Two  varieties  are  recognised — LeiomyomcUa,  or  smooth- 
muscle  tumours,  and  RahdomyomcUay  or  striated  muscle  tumours. 

Leiomyomata  are  met  with  in  the  uterus,  where  they  form 
rounded  masses,  at  times  of  considerable  size.  In  this  situation 
the  bulk  of  the  tumour  is  made  up  of  fibrous  tissue,  constituting 
a  fibro-myoma.  On  transverse  section  they  offer  a  peculiar 
whorled  or  concentric  arrangement,  which  is  at  once  peculiar 
and  characteristic. 

Fibro-myomata  are  not  unknown  in  animals.  Instances 
have  been  recorded  in  cows.  Yirchow,  in  his  great  work  on 
"  Tumours,"  speaks  of  hard  growths  of  all  kinds,  which  have 
been  found  in  connection  with  the  ovaries,  vagina,  and  uterus  of 
animals.  These  have  been  habitually  described  as  sarcomata  or 
fibroids.  He  quotes  facts  from  the  works  of  Gurlt  and  Forster 
as  evidence  of  the  occurrence  of  fleshy  tumours,  developed  in  the 
walls  of  the  uterus,  especially  between  the  muscular  layer  and 
the  mucous  membrane,  in  the  mare,  cow,  and  pig.  Leisering 
found  numerous  fibroids  in  the  submucous  tissue  of  the  vagina 
of  a  bitch,  as  well  as  fibroids  in  the  uterus  of  a  cow.  Yirchow 
concludes  the  chapter  by  stating  that  the  details  of  the  intimate 
structure  of  these  tumours,  occurring  in  animals,  requires  more 
precision,  and  it  remains  for  further  researches  to  establish  their 
nature.  Myomata  are  certainly  not  common  in  animals.  One 
undoubted  case  has  come  under  my  notice  in  a  baboon,  where 
the  histological  details  were  perfectly  characteristic  of  a 
leiomyoma.  The  body  of  the  iiterus  seemed  to  form  part  of  one 
general  tumour,  and  was  very  much  enlarged.  The  Fallopian 
tubes  and  ovaries  of  each  side  were  involved,  and  in  part  incor- 
porated in  the  walls  of  the  uterus. 

Undoubted  cases  have  also  occurred  in  mares,  cows,  and  the 
vagina  of  bitches,  which  seems  to  be  a  frequent  situation  for 
such  growths  in  the  form  of  polypi. 

It  is  exceedingly  probable  that  many  of  the  tumours  described 
as  fibrous  were  in  the  first  instance  leiomyomata,  which  have  re- 
trograded into  fibrous  tissue  (see  page  419). 

Neuromata. — It  is  customary  to  apply  the  term  neuroma  to 
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almost  any  growth  coDoected  with  a  nerve.    In  reality  the  name 
ehould  be  restricted  to  tninouTs,  composed,  in  the  main,  of  new- 
formed  nerve  fibres.     In  man,  the  commonest  turnouts  connected 
with  nerves  are  fibromata  or  myxomata  springing  from  the  con- 
nective tissue  (perineurium  and  epineurium)  of  the  nerve.     The 
only  tumours  in  which  new -formed 
nerve   fibres    have   been   detected 
with  any  degree  of  certainty  are 
those  bulbous  enlargemeDt«  which 
form   at  the   proximal  end   of  a 
divided  nerve.    Thus,  in  the  stump 
of  the  fore-arm  represented  in  fig. 
18,  considerable  enlargement  has 
taken  place  at  the  ends  of  the 
median,  musculo-spiral,  and  ulna 
j  nerves.     These  bulbous  enlai^e- 
'  menta  of  nerves  may  be  occasion- 
ally seen  in  horses,  for,  on  account 
of  certain  forms  of  incurable  lame- 
ness, the  veterinary  surgeon  divides 
and  removes  usually  an  inch  of  the 
Fia.  18. -stump  of  fort-fttm.  three  plantar  nerves,  thus  depriving  the 
years  after  ampuUtion,   showing    ...  ,.  ,  n-         .v 

bdbotBanlargementof  theenJaof  ^^o*  of  sensation,  and  euaUiDg  the 

the  median,  ulna,  and   mnaoulo-   horse  to  work  in  spite  of  the  dis- 

ipiral  nerrea.  eased  condition  of  the  feet 

If  the  legs  of  a  horse,  which  has  been  nerved  some  time 
previously,  be  examined,  the  proximal  ends  of  the  nerves,  cut 
in  the  operation,  may  sometimes  be  detected  as  hard  rounded 
knots  through  the  ekin.  When  dissected,  and  examined  in  detail, 
they  are  found  in  some  cases  to  correspond  in  every  way  with 
the  conditions  oF  the  nerves  in  an  amputated  stump  in  man.  Hy 
first  impression  was  that  this  statement  was  universally  true,  but 
find  that  it  is  not  so ;  indeed,  in  the  majority  of  "  nerved  "  horses, 
the  formation  of  bulbs  on  the  proximal  ends  of  the  divided 
nerves  is  an  exception  rather  than  a  rule ;  and  that  the  more 
clumsily  neurotomy  is  performed,  the  more  likely  is  the  opera* 
tion  to  be  followed  by  bulbing  of  the  proximal  end  of  the  cut 
nerve.  Horse  dealers  are  able  to  detect  horses  which  have  been 
"  nerved,"  not  so  much  by  finding   the  hard  knots  under  the 
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skin,  as  by  sticking  a  pin  in  the  foot  immediately  above  the 
coronet* 

I  have  DOW,  on  several  occasioDS,  had  the  opportunity  of 
dissecting  the  stumps  of  limbs  taken  from  wild  animals  whose 
legs  have  been  caught  in  traps,  shot,  or  bitten  off  by  other 
animals,  or  their  nerves  cut  designedly.  The  specimens  include 
beavers,  pigs,  porcupines,  frogs,  rats,  rabbits,  dogs,  cats,  and 
horses,  but  no  bulbings  could  be  detected,  although  in  some 
cases  the  injury  had  occurred  years  before.  In  cats  and  dogs, 
submitted  to  the  operation  of  neurotomy,  bulbing  is  by  no 
means  the  universal  condition  of  the  proximal  end  of  the 
divided  nerve.  If,  however,  the  nerve  be  divided,  and  the 
proximal  end  be  irritated  by  applying  a  silk  ligature  to  the 
nerve,  or  inserting  a  small  fragment  of  wood  to  act  as  a  foreign 
body,  an  enlargement  is  almost  sure  to  follow.  The  best  bulbs 
are  produced  by  ligaturing  a  nerve  ''in  continuity,"  and  of  all 
nerves  the  vagus  is  the  one  that  shows  the  conditions  best. 

Whether  these  facts  will  apply  to  the  human  subject  is 
worth  considering.  I  have  devoted  some  attention  to  the 
subject,  and  my  limited  experience  induces  me  to  believe  that 
enlarged  ends  of  nerves  in  amputations  are  more  common  where 
suppuration  has  been  most  profuse  and  healing  long  delayed,  or 
the  nerves  have  become  adherent  to  bone,  or  bound  up  in  the 
cicatrix,  and  probably  in  some  cases  included  in  a  ligature 
applied  to  an  artery  on  the  face  of  a  stump.  Bulbs  on  cut  nerves 
do  not  attain  sizes  in  proportion  to  the  nerve  to  which  they 
belong.  Small  sensory  nerves,  in  a  stump,  may  have  relatively 
very  large  bulbs.  Finally,  there  is  little  reliable  evidence  that 
there  is  an  actual  growth  of  nerve  fibre  in  the  bulbs. 

Sarcomata. — The  term  sarcomata  is  applied  to  a  group  of 
tumours  which  conform  histologically  to  immature  connective 
tissue,  that  is,  the  cellular  eonstituents  predominate  over  the 
intercellular  substance.  In  this  respect  the  structural  details 
agree  with  the  connective  tissue  of  the  embryo. 

Sarcomata  invariably  arise  in  structures  belonging  to  the 
connective  tissue  group,  fibrous,  cartilaginous,  osseous,  mucoid, 

1  If,  as  frequently  happeos,  the  cut  nerve  reunites,  a  bulb  is  sure  to  arise. 
This  must  not  be  confounded  with  the  bulbs  mentioned  in  the  text 
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lymphoid,  or  adipose  tissue,  and  in  neuroglia.  Hence  they  may 
occur  in  any  part  of  the  body,  and  are  widely  diffused  through- 
out the  sub-kingdom  Vertebrata.  These  tumours  are  usually 
very  vascular,  but  lymphatics  have  not  been  shown  to  exist  iu 
them.  They  are  liable  to  secondary  changes,  mucoid  and  fatty 
degeneration,  liquefaction,  ulceration,  and  haemorrhage. 

Classification  of  the  Sarcomata, 


3.  Gliomata. 

4  Myeloid  or  Giant-celled. 

5.  Melanotic  Sarcomata. 

6.  Myxomatodes. 

7.  Alveolar  Sarcomattu 

8.  Osteoid  Sarcomata. 

9.  Psammomata. 


1.  Bound-celled. 
(a)  Small  round-celled. 
(5)  Large  round-celled, 
(d)  Lympho-sarcoma. 

2.  Spindle-celled, 
(a)  Large  spindle-celled. 
Q>)  Small  spindle-celled. 
(d)  Chrondro-sarcomata. 

1.  Bound-celled  Sarcoma, — These  are  of  very  simple  structure; 
consist  almost  entirely  of  round  cells  and  vessels ;  the  inter- 
cellular substance  is  very  scanty;  the  cells  are  small  and  enclose 
a  rounded  or  oval  nucleus. 

The  musoum  of  the  College  of  Surgeons  possesses  a  typical  example 
of  this  kind  of  tumour.  "  It  is  a  golden  plover  with  a  sarcoma  lying 
beneath  the  skin  of  the  breast,  about  an  inch  and  a  half  in  diameter ; 
it  IB  encapsuled,  and  its  section  is  homogeneous.  Under  the  micro- 
scope, the  tumour  appeared  composed  of  round  cells,  each  of  which 
was  enclosed  within  the  meshes  of  a  reticulum  of  fibrillar  tissue." 

Dr  Creighton  has  given  a  detailed  account  of  a  sero-sanguineous  cyst, 
which  occurred  in  the  neck  of  a  retriever  dog.  The  cystic  interior  con- 
tained a  considerable  quantity  of  clear  brownish  fluid  containing  a 
large  number  of  red  corpuscles,  leucocytes,  and  some  large  cells  filled 
with  yellow  granule&  The  walls  of  the  cyst  conformed  to  the  type  of 
a  round-celled  sarcoma.^ 

The  Brit  Med,  Jwimal  for  1883  ^  contains  two  accounts  of  round- 
celled  sarcomata  in  birda  A  fowl,  one  year  and  a  half  old,  presented 
a  tumour  on  the  neck,  immediately  below  the  beak.  .It  finally 
attained  the  size  of  a  cricket  ball,  and  weighed  nearly  seven  ounces. 
The  disease  recurred  two  months  after  removal.  Histologically  it  was 
composed  of  round  cells  in  a  fibrillated  matrix.  The  cells  were  equal 
in  size  to  a  red  blood-corpuscle. 

The  second  case,  also  in  a  common  fowl,  grew  around  the  maigin  of 
the  left  eye,  forming  a  thick  prominent  ring.  There  was  also  a  growth 
the  size  of  a  pigeon's  egg  in  the  lower  third  of  the  neck.  The  tumours, 
which  were  made  up  almost  entirely  of  small  round  cells  with  a  few 

*  This  Journal,  vol.  xiv. 

'  Report  by  Mr  Hathaway,  examined  by  Mr  Bowlby. 
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spindle-shaped  ones,  formed  an  infiltrating  mass  between  the  layers  of 
the  subcutaneous  tissue.^ 

Through  the  kindness  of  Mr  Shave  of  the  Eoyal  Veterinary 
College,  London,  I  have  been  able  to  examine  sections  of  a  small 
round-celled  sarcoma,  which  was  found  connected  with  the 
colon  of  an  ass.  There  were  deposits  in  the  liver,  spleen,  and 
on  the  posterior  surface  of  the  diaphragm.  It  was  one  of  the 
most  typical  examples  of  a  round-celled  sarcoma  that  has  yet 
come  under  my  notice  in  an  animal. 

Lympho-Sarcomaia. — ^These  tumours  are  a  variety  of  the  small 
round-celled  sarcomata.  Structurally  they  resemble  a  lymphatic 
gland,  being  made  up  of  a  reticular  stroma  with  ramifying  cells 
(adenoid  tissue)  containing  round  cells  in  the  meshes  of  the 
stroma.  These  growths  increase  rapidly,  and  give  rise  to 
secondary  formations. 

Mr  Eve^  reported  a  case  of  this  nature  which  occurred  in  a  Dasyure 
(a  marsupial  from  Van  Dieman's  Land).  The  tumour  consisted  of  an 
agglomeration  of  enlarged  and  coalesced  lymphatic  glands,  removed 
from  the  abdomen.  The  spleen  was  connected  with  the  upper  part  of 
the  tumour,  the  two  equaling  two-thirds  the  weight  of  the  animal. 

The  tumour  consisted 'of  closely  aggregated  round  cells  resembling 
lymph  corpuscles ;  its  vessels  were  abundant  and  had  no  proper  walL 
Some  rounded  masses  1  to  2  inches  in  diameter  were  found  in  the 
liver,  lung,  and  colon. 

A  similar  condition  came  under  my  notice  also  in  a  Das- 
yure. In  this  example  the  adrenals  were  affected  by  the 
growth.  Lyinpho-sarcomatous  masses  are  frequently  found  in 
the  horse,  associated  with  the  glands  of  the  mesentery  and  those 
of  the  lumbar  set.  In  some  of  these  cases  the  morbid  mass 
weighs  many  pounds.  These  growths  disseminate  themselves, 
and  are  therefore  to  be  regarded  as  malignant;  secondary 
deposits  are  most  frequently  seen  in  the  liver  and  spleen.  In 
the  latter  organs  the  morbid  masses  vary  in  size  from  that  of  a 
hazel  nut  to  a  deposit  as  large  as  an  orange ;  usually  they  are  of  a 
greyish-white  colour,  and  of  moderate  consistence.  The  nodules 
in  the  liver  are  of  smaller  size  and  disseminated  through  the 
organ.  They  do  not  differ  histologically  from  the  primary 
massea 

*  fieported  by  Mr  George  Parker. 

^  Path.  Soc.  Trails,  y  vol.  xxziii.  p.  482. 
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Several  examplee  of  lymphoid  tumours  occurring  in  horses 
have  come  under  my  notice,  the  most  frequent  being  in  the 
lumbar  gland,  immediately  around  the  anterior  mesenteric  artery. 
Others  occurred  in  the  mediastinum.  Calcific  deposits  are  not 
uncommon  in  large  tumours  of  this  kind.  It  is  not  unlikely 
that  the  frequency  of  lymphoid  masses  in  the  neighbourhood  of 
the  anterior  mesenteric  artery  in  the  horse  is  to  be  accounted 
for  by  the  frequent  presence  of  the  strongylus  armatus  in  the 
neighbouring  fibrous  tissue  of  the  tunica  adventitia  of  the  aorta, 
coeliac  axis,  &c.,  acting  as  an  irritant. 

2.  Spindle^elled  Sarcomata, — In  this  variety  the  predominating 
shape  of  the  cells  is  spindle-form.  Tumours  of  this  type.are,  as 
a  rule,  much  firmer  than  the  round-celled  sarcoma. 

Dr  Creighton  has  reported  a  typical  case  of  this  variety, 
which  was  removed  from  the  head  of  a  dog  at  the  Brown  Institu- 
tion, July  1875. 

There  was  a  cavity  in  the  interior  of  the  growth  filled  with  a 
clear  brown  fluid,  which  fluid  contained  a  number  of  cells  of  very 
large  size,  which  exhibited  amoeboid  movement  (the  fluid  was 
examined  whilst  still  warm).  The  interior  of  the  cavity  was  in 
places  crossed  by  trabeculae,  rounded  in  shape,  and  about  a  line  or 
two  in  thickness.  The  structure  of  the  walls  of  the  growth  was 
that  of  a  spindle-celled  sarcoma. 

This  form  of  new  growth  occurs  with  tolerable  frequency  in 
the  dog,  and  nearly  always  is  situated  in  the  subcutaneous 
tissue. 

It  is  very  interesting  to  reflect  that  even  fish  are  subject  to 
spindle-celled  sarcomata.  This  fact  is  well  illustrated  by  a 
specimen  in  the  museum  of  the  Royal  College  of  Surgeons, 
London ;  it  is  a  golden  carp  with  a  tumour  growing  from  the 
posterior  border  of  the  dorsal  fin,  as  shown  in  fig.  19.  The 
morbid  growth  is  about  the  dimension  of  a  filbert  nut ;  it  has 
been  examined  microscopically,  and  found  to  exhibit  all  the 
characters  of  a  spindle-celled  sarcoma. 

There  is  one  very  curious  feature  connected  with  the  spindle- 
celled  variety  of  sarcomata  which  must  be  considered,  and  that  is 
their  disposition  to  form  cartilage,  especially  when  they  occur  in 
the  testis.    Mr  Butlin^  points  out  that  cartilage  occurs  in  greater 

Sarcoma  and  Carcirumia,  1882. 
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or  less  quantities  in  half  the  namber  of  these  cases.  One  of  the 
most  interesting  features  in  these  "  Lectures "  of  Mr  Butlin  is 
his  endeavour  to  separate  the  enchondromata  of  the  testis  from 
cartilage  tumours  in  general,  and  to  show  that  they  are  really  to 
be  regarded  as  chondrifying  sarcomata.  This  view  of  these 
growths  is  very  important,  for  it  explains  why  so  many  of  these 
tumours  of  the  testis  exhibit  true  malignant  tendencies,  a  condi- 


Fio.  19. — A  Gk>lden  Carp  with  a  spindle-celled  sarcoma  in  connection  with  its 

dorsal  fin  (Museum  of  the  College  of  Surgeons). 

tion  of  things  certainly  not  the  rule  in  enchondromata  occurring 
elsewhere. 

Growths  similar  in  character  affect  the  testes  of  animals,  as 
the  following  case  will  testify: — 

The  Veterinarian  for  1850  contains  a  well  reported  case  of  an 
ossifying  enchondroma  connected  with  the  testicle  of  a  horse,  by 
Joseph  Gamgee.  The  testicle  was  removed  from  a  four-year-old 
horse.  The  animal  was  the  size  of  several  colts,  and  did  uot  suffer 
any  particular  inconvenience  from  the  presence  of  the  diseased  organ. 
The  gland  nowhere  presented  its  normal  structure,  the  tissue  being 
soft,  of  a  red  colour,  and  ill-defined  in  structure,  and  was  connected 
with  a  tumour  of  moderate  hardness,  about  the  size  of  an  orange. 

The  growth  was  of  pale  yellow  colour  when  seen  in  section,  finely 
and  irregularly  lobulated,  and  contained  three  cysts.  Cartilage  was 
visible  in  the  centre  of  the  cut  surface,  and  could  be  felt  extending 
into  the  substance  of  the  tumour.  On  microscopic  examination,  the 
tumour  was  found  to  contain  fat,  fibrous  tissue,  cartilage,  and  bone. 

When  critically  examined,  the  cartilage  cells,  as  they  approached  the 
surface,  were  found  to  become  much  flattened,  and  to  degenerate  into, 
or  at  any  rate  to  become  intimately  blended  with,  the  adjacent  fibrous 
tissue  and  fat.  The  matrix  appeared  in  some  situations  homogeneous 
and  transparent,  in  others  granular;  and  at  wide  intervals  a  few 
delicate  fibres  might  be  seen  winding  their  course  between  the  cells. 
A  transverse  section  of  the  bone  exhibited  imperfectly  the  ordinary 
structure  of  osseous  tissue. 

VOL.  XIX.  2  G 
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If  the  details  of  this  remarkable  caaa  be  compared  with  the  deecrip- 
tion  of  similar  tumours  met  ia  the  testis  of  man,  and  be  criticised  io 
the  same  manner  in  which  Mr  Butlio  has  discussed  the  cases  in  his 
lectures,  there  will  remain  little  douht  that  this  tumour  belongs  to  the 
same  category. 


Fia.  20. — Tumour  contaioiDg  cartilage  C,  connected  vith  tlie  tasticle  of  a  faone 

(ttfUr  Gamgee). 

It  is  poaaible  that  the  following  case,  reported  by  Virchow,'  is  of 
sarcomatous  nature.  A  bitch  had  a  large  ossifybg  enchondroma  of 
the  mamma ;  there  was  also  a  large  tumour  in  the  omentum,  softened 
in  the  centre  after  the  fashion  of  a  cyst,  and  filled  with  liquii  There 
were  nunibcrs  of  small  nodules  in  the  lungs,  on  the  pleura  and  in  the 
mediastinum.  Many  of  the  nodules  in  the  lung  had  spread  by  way  of 
lymphatics,  so  as  to  communicate  with  neighbouring  nodi^ee,  and 
form  a  kind  of  network  throughout  the  lung  tissue. 

Histologically  these  nodules  were  found  to  be  composed  of  fibrous 
hyaline  cartil^e  which  had  commenced  to  calcify  in  the  centre.  The 
masses  in  the  lymphatic  vessels  bad  commenced  to  chondrify  in  the 
middle,  but  at  the  periphery  of  these  deposits  there  were  collected 
groups  of  cells,  but  no  intercellular  substance. 

3.  Qliomaia. — Gliomata  are  tumours  formed  on  the  type  of 
neuroglia,  the  delicate  connective  tissue  found  in  the  central 
nervous  system.  Histologically  these  tumours  are  composed  of 
a  Qbrillated  intercellular  substance,  the  fibrils  of  which,  when 
isolated  by  teasing,  will  be  found  exceedingly  delicate.  Dotted, 
in  this  matrix  are  small  round  or  slightly  oval  nuclei,  which  ia 

>  Faihiilogie  da  Tvmeurt,  totn.  i.  p.  G21. 


TUH0UB5  IN  AinUALS.  449 

teased   preparationa  from   freeh   specinieDS  will    be   found  to 
possess  delicate  ramifjing  proceasea. 

Gliomata  exhibit  very  ofteo  patches  of  hemorrhage  and 
caseation  in  their  interior.  In  the  human  subject  they  are 
locally  malignant,  and  have  marked  infiltrating  propensities,  but 
do  not  often  reproduce  themselves  in  iuternal  organs. 

Gliomatous  tumonrs  are  not  by  any  means  common  in  animals. 
A  very  marked  case  came  under  my  notice  in  the  right  eye  of  a 
bonnet  monkey,  aged  about  8  months  (fig.  21).     The  eyeball  was 
much   enlarged,   there    was    considerable 
proptosis,  the  cornea  being  bulged  forward 
in  a  curioos  fashion,  and  there  was  tedema 
of  the  eyelids.    The  morbid  mass  entirely 
filled  the  interior  of  the  globe,  but  in  no 
spot  had  it  broken  through  the  tunics.  The 
lens  was  opaque.    The  lymphatic  glands  Fia.  21.— Sectian  of  the 
were  not  aflfected.     On  making  a  section    ejelj^  "f  »  ^"T  y°^s 
through  the  globe,  spots  of  h«morrhage    J^gf^^^"^'^  ^"^ 
and  caseation  were  visible.    Unde»  the 
microscope,  in  the  best  preserved  portions  of  the  tumour,  the 
structure,  typical  of  a  glioma,  was  distinctly  obvious.    The  cells 
were  small,  for  the  most  part  round,  and  very  numerous. 

The  museum  of  Guy's  Hospital  contains,  amongst  its  speci> 
mens  of  comparative  pathology,  two  examples  of  sarcomatous 
tnmour  of  the  eyeball,  one  affecting  the  retina  of  a  horse,  the 
other  that  of  a  sheep.  Through  the  kindness  of  the  curator, 
Dr  Goodhart,  I  have  been  able  to  examine  the  histological 
characters  of  these  tumours.  The  growth  in  the  eyeball  of  the 
horse  is  a  typical  glioma,  and  the  specimen  shows  admirably  the 
connection  between  the  tumour  and  the  retina,  notwithstanding 
the  fact  that  it  had  been  in  the  maeeum  certainly  thirty-five 
years,  and  bow  long  before  that  time  it  is  impossible  accurately 
to  determiua 

In  the  case  of  the  sheep  the  true  characters  of  the  growth 
cannot  be  so  easily  determined.  In  parts  it  looks  like  a  glioma, 
in  others  it  resembles  melanotic  sarcoma. 

4.  Myeloid  Sarcomata. — This  variety  of  connective  tissue 
tumours  is  characterised  by  the  occurrence  in  large  numbers  of 
giant-cells,  the  peculiar  multinuclear  bodies  found  in  the  normal 
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condition  in  the  medulla  of  a  long  bone.  It  most  be  admitted  that 
very  many  sarcomata,  springing  from,  or  growing  in  the  neigh- 
bourhood of  bone,  contain  myeloid  cells,  yet  do  not  come  under 
the  definition  of  myeloid.  A  very  good  example  of  this  kind  of 
growth  is  an  osteoid  tnmonr  on  the  leg  of  a  rat,  described  on 
page  456. 

Butlin  lays  down  the  following  definition  for  a  myeloid 
tumour : — "  The  giant-cells  should  constitute  about  four-fifths  of 
the  bulk  of  the  growth,  or  be  present  in  such  numbers  that  they 
decidedly  affect  the  colour  of  the  tumour,  colouring  it  a  maroon 
red." 

Tumours,  corresponding  to  this  character,  must  be  very  rare 
in  animals.  I  have  never  met  with  any,  or  found  any  examples 
recorded. 

5.  Melanotic  Sarcoma. — This  class  comprises  sarcomatous  for- 
mations which  contain  deposits  of  pigment  The  pigment^ 
which  may  be  either  black  or  brown,  may  be  partly  in  the 
tumour-cells,  partly  in  the  fibrous  matrix  and  waUs  of  the 
vessels.  The  pigment  is  usually  in  the  form  of  amorphous 
granules.  This  form  of  morbid  growth  is  especially  frequent 
among  white  horses,  oxen,  and  dogs. 

Hunter  removed  ODe  of  these  tumours,  and  his  prowess  in 
this  direction  is  attested  by  the  specimen  now  in  the  Hunterian 
Museum.     It  is  thus  described  in  the  catalogue : — 

"  Section  of  a  melanotic  tumour  removed  from  the  neck  of  a  horse 
It  is  deep  black  throughout,  moderately  firm,  lobulated,  and  on  its 
cut  surface  rather  shreddy.'' 

Hunter's  account  of  the  case  is  given  in  the  catalogue.  I  make  the 
following  selections  : — 

**  The  tumour  was  on  the  near  side  of  the  neck,  lay  immediately  on 
the  inside  of  the  jugular  vein,  where  they  commonly  bleed ;  the  vein 
was  plainly  seen  passing  over  it  It  was  about  8  or  10  inches  long 
in  the  direction  of  the  neck,  and  about  4  or  5  thick.  It  was  loose, 
not  attached  but  by  loose  cellular  membrane. 

The  tumour  was  of  a  very  dark  colour,  and  when  cut  into  and 
squeezed,  a  black  fluid,  exactly  like  ink,  came  out  on  the  cut  surface. 
It  blackened  the  water  it  was  steeped  in  for  a  considerable  time." — 
Hunterian  MS. 

The  animal  did  not  survive  the  operation. 
The  same  magnificent  collection  contains  two  other  examples 
of  melanotic  sarcomata  affecting  the  tails  of  horses  (Plate  XXIII., 
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figs.  3  and  4).  Also  the  udder  of  an  almost  white  cow  which 
contains  a  tumour  about  3  inches  in  its  long  diameter,  and 
uniformly  black.  The  skin  of  the  udder  is  mottled  with 
numerous  pigmental  blotches. 

Yirchow  has  collected  facts  and  recorded  them  in  his  great  work  on 
"Tumours"  regarding  the  especial  liability  of  white  horses  to 
melanotic  sarcomata.  The  neighbourhood  of  the  anus  or  tail  are 
favourite  situations  for  these  masses.  He  has  met  with  and  examined 
tumours  from  both  these  situations,  and  found  them  to  exhibit 
sarcomatous  structure,  but  the  cells  are  fewer  than  in  man.  The 
growths  on  the  tail  form  large  excrescences  like  mushrooms,  with  little 
disposition  to  ulceration  or  metastasis,  but  later  writers,  especially 
Comil  and  Trasbot,  show  that  secondary  deposition  is  the  rule. 
Yirchow  states  that  Brugnone  appears  to  have  been  the  first  to  notice 
this  affection  in  horses  under  the  names  of  hsBmorrhoids.  Noack,  in 
1826,  described  the  affection,  and  gives  some  figures  illustrating  the 
condition  in  white  horses. 

Carswell  gives  some  beautiful  illustrations  of  melanotic  tumours 
in  horses,  and  states  that  "  the  largest  masses  have  been  found  in 
the  loose  cellular  tissue,  and  have  been  known  to  weigh  from  20  to  30 
and  even  40  pounds." 

Gluge  mentions  the  occurrence  of  these  growths  in  horses  (white  or 
grey),  rabbits,  rats,  mice,  cows,  asses,  mules,  and  cats,  and  mentions 
that  Otto  has  seen  the  disease  in  a  stag.  Gluge  found  no  structural 
difference  in  the  growths  in  the  horse  or  man.  In  animals  it  affected 
chiefly  the  anus  and  reproductive  organs. 

Lebert  describes  and  gives  some  good  drawings  of  melanosis  in  the 
horse,  having  seen  the  pigmented  masses  occupy  the  surface  of  the 
lungs  and  pericardium  in  the  shape  of  grapes,  varying  in  size  from  a 
small  to  a  large  nut. 

The  spleen  and  kidneys  also  contained  melanotic  tumours,  and  a 
certain  number  existed  in  the  heart.  The  masses  had  a  sepia  tint 
Lebert  speaks  of  having  many  times  seen  melanotic  tumours  in  horses. 
Barlow  has  made  the  following  remarks  on  the  subject : — 

Melanosis  among  the  lower  animals  is  almost  exclusively 
confined  to  grey  horses.  The  disease  often  appears  locally  at 
first,  and  manifests  itself  on  the  external  parts  of  the  body 
covered  by  dark  coloured  skin,  as  the  under  surface  of  the  tail, 
anus,  and  margins  of  the  eyelids.  When  of  longer  duration, 
many  of  the  internal  organs,  but  more  especially  the  mesentery, 
become  involved,  and  instances  have  been  seen  where  the 
voluntary  muscles  have  been  extensively  affected.  It  does  not 
evince  any  of  those  characters,  which  in  the  human  subject  are 
taken   as  indications  of   malignant  disease;   on  the  contrary. 
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unless  exposed  to  mechanical  injniy,  it  does  Dot  nicerate  or 
soften,  and  when  a  tumour  is  freely  cut  into  and  partly  removed, 
the  portion  still  remaining  will  readily  heaL  Professor  Dick 
once  amputated  a  borBe's  tail  as  high  ap  as  the  second  vertebral 
segment.  The  melanotic  mass  weighed  fifty-six  pounds.  In 
the  operation  a  large  amount  of  diseased  tissue  was  left  in  con- 
nection with  the  anus  and  croup.  The  cut  surface  healed  as 
readily,  so  far  as  could  be  judged,  in  quite  as  short  a  time  as  an 
incision  of  similar  extent  would  have  done  if  made  is  completely 
healthy  tissue. 

By  far  the  most  elaborate  investigation  of  this  subject  has  been 
made  by  Comil  and  Trasbot. 

These  aothois  divide  the  melanotic  tumours  of  horses  into  two 
classes — Melanotic  Fibromata^  and  Melanotic  Sarcomata. 

In  this  section  the  sarcomata  only  will  be  considered.     It  is  the 


Fta.  22. — Mekootic  Sarcoma  around  the  aniu  of  amara  (after  CoraU  and  TnsboL*] 

most  common  neoplasm  in  the  home,  and  has  a  remarkable  tendency 
to  generalisation.  The  primary  tumours -are  almost  invariably  de- 
veloped in  the  subcutaneous  tissue  of  the  anus  (fig.  22),  the  under 
surface  of  the  tail,  the  external  organs  of  generation,  the  sheath  in  the 
male,  or  the  mamma  in  the  female.  Out  of  thirty-seven  observations 
all  but  five  commenced  in  these  regions.  The  age  of  the  horses 
varied  from  four  to  aeventeen  years ;  the  prevailing  colour  was  white 
or  giey,  only  two  were  black. 
The  tumours  are  always  very  small  at  the  commencement,  acquire 

'  Fidf  pags  420. 
Noack  gives  a  Bioiilar  illmtratioD. 
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with  a  time  a  very  variable  size,  from  a  pea  to  a  man's  fist.  Usually 
their  number  is  considerable,  united  or  adherent^  forming  tuberous 
masses,  and  continuous  with  the  neighbouring  parts  by  connective 
tiasae.  At  the  commencement  they  are  situated  exclusively  in  the 
skin  and  subcutaneous  tissue.  Superficially  their  colour  is  slate-grey, 
bnt  completely  black  on  section ;  a  liquid  mass  may  be  squeezed  out  by 
compression,  having  tbe  colour  of  sepia.  In  consistence  they  are 
sometimes  as  soft  as  a  medullary  cancer,  in  other  cases  they  may  be  as 
hard  as  scirrhus,  the  difference  in  density  varying  with  the  proportion 
of  fibrous  tissHe. 

The  centre  of  one  of  tbese  masses  is  softer  than  the  periphery, 
sometimes  forming  actual  cavities.     Occasionally  they  ulcerate. 

Histologically  examined,  the  tumours  are  composed  of  parallel 
fasciculi  of  fibrous  tissue,  enclosing  cells  more  or  less  fusiform  in  shape 
enclosing  pigment.  In  the  broken  down  central  portions  of  the 
tumours  the  cells  are  of  all  shapes  and  sizes,  branching,  fusiform,  or 
spheroidal,  containing  black  pigment  In  the  older  and  most  deeply 
coloured  portions  of  the  tumours  the  elements  adhere  more  or  less  to 
one  another,  and  approach  more  to  a  spherical  form,  but  they  always 
maintain  the  same  disposition  and  characters. 

Plate  XXIII.  fig.  6,  taken  from  Comil  and  Trasbot's  work,  gives  a 
fair  representation  of  the  microscopical  appearance  .of  these  growths. 

Usually  the  tumours  grow  slowly,  they  may  remain  passive  many 
years,  then  take  on  active  growth,  but  as  a  rule  they  slowly  increase 
throughout  the  animal's  lifetima 

Ulceration, — The  tumours  often  soften  in  some  part  or  other,  and, 
forming  open  ulcers,  hideous  and  repulsive,  discharge  a  dirty  black 
liquid.  Sometimes  these  growths  when  cut  into  will  cicatrise.  In 
one  curious  case  which  Comil  and  Trasbot  followed  for  five  years, 
in  a  white  horse  which  possessed  a  large  melanotic  mass,  it  would 
ulcerate  and  remain  open  for  several  weeks  in  spring. 

The  Secondary  Tumours. — ^These  may  be  developed  in  every  organ, 
or  in  almost  every  situation  where  cellular  tissue  is  loose  and 
abundant;  the  pelvic  cavity,  the  entrance  to  the  thorax,  lymphatic 
glands,  and  muscles.  The  secondary  tumours  occur  also  in  the  liver, 
spleen,  lungs,  and  suprarrenal  capsules.  They  affect  the  serous  mem- 
branes, the  brain  and  spinal  cord,  rarely  the  bones,  and  exceptionally 
the  kidney,  the  substance  of  the  heart,  and  the  mucous  membranes. 
In  the  connective  tissue  they  may  acquire  a  considerable  size,  weigh- 
ing as  much  as  8  or  even  20  pounds.  In  form  they  may  be  spheroidal, 
elongated,  or  fusiform,  but  always  with  tuberous  rounded  extremities. 
They  may  surround  vessels  and  nerves,  and  thus  interfere  with  their 
functions.     In  structure  they  agree  with  the  primary  tumour. 

The  lymphatic  glands  are  affected  always,  and  present  a  slate-grey 
colour  superficially,  but  are  entirely  black  on  section.  They  are  hard, 
and  resistent  to  cutting  instruments.  The  pigment,  at  first  affects  only 
the  connective  tissue  of  the  glands,  but  later  it  invades  their  sub- 
stance. 

iN'ext  to  the  glands  the  muscles  are  most  frequently  affected  by  the 
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dissemination  of  these  tumours,  in  the  form  of  very  small  discoid 
and  lenticular  masses  developed  on  the  surface  and  in  the  intermus- 
cular fasciculi.  These  masses  are  sometimes  united  by  pigmented 
strands  of  connective  tissue,  so  that  on  section  a  muscle  beaxs  a  re« 
semblance  to  a  piece  of  mahogany. 

In  the  serous  membranes  these  small  lenticular  nodules  are  dotted 
over  the  surface ;  the  nodules  are  often  of  the  size  of  a  nut,  and  extend 
into  the  subserous  connective  tissue 

The  spleen  is  affected  with  extreme  frequency,  and  often  to  such  an 
extent  that  its  size  is  doubled ;  in  some  cases  it  has  weighed  30  or  40 
pounds.  In  the  liver,  secondary  masses  are  met  with  great  frequency 
and  of  very  large  size.  In  the  lungs  the  tumours  are  generally 
globular  in  form ;  in  size  vary  from  a  nut  to  an  ordinary  apple.  When 
occurring  in  the  cranium  or  spinal  cord,  they  are  intimately  associated 
with  the  contained  organs.  They  have  been  seen  in  the  spinal  canal 
of  a  mule.  Any  organ  in  the  body  is  liable  to  be  seccmdarily 
affected. 

It  is  interesting  to  note  that  the  disease  is  not  contagiou&  Ck>mil 
and  Trasbot  have  made  a  great  number  of  experiments,  inoculationB, 
injections  in  the  veins,  grafts  in  the  subcutaneous  tissue,  and  with  liquid 
taken  from  the  tiunours  in  the  living  animals,  or  immediately  after 
their  removal  The  experiments  were  tried  on  horses  and  dogs,  but 
nothing  developed.  The  grafts  in  horses  always  set  up  suppuration 
and  were  expelled.  lu  the  dog  the  graft  remained  surrounded  by  a 
zone  of  induration,  but  did  not  further  develop. 

After  careful  perusal  of  the  elaborate  article  of  Cornil  and 
Trasbot,  I  have  sought  out  a  great  number  of  cases  incidentally 
recorded  in  veterinary  literature;  they  go  to  substantiate  the  views  of 
the  French  writers. 

The  following  list  includes  the  chief  writings  on  this  interesting 
subject : — 

GoHiSR,  Mem  et  Observ,^  sur  la  Cliir,  et  la  med,  tfHer,,  Lyoi^s,  1813, 
t.  i.  p.  324 ;  C.  A.  NoACK,  Diss,  inaug.  de  melanosis  cum  in  Twtnini- 
bu8,  turn  in  equie  obveniente,  Lip.  1826,  tab.  1-11 ;  Cabswell,  Path, 
Anatomy  (Melanoma,  pi.  i.),  1838;  Lebebt,  Traite  (TAnat.  Path,, 
tome  i  pp.  116,  121,  pi.  xv.,  1857-61;  Glugb,  Atlas  der  Path,  AnaL^ 
liv.  iiL  taf.  L,  1750;  Bablow,  Ed,  Monthly  Journal,  Aug.  1851; 
.Cornil  et  Teasbot,  De  la  Melanose,  1868 ;  Vibchow,  Tumours  (the 
various  volumes  of  the  Veterinarian  contain  numerous  reports  of 
individual  cases  of  melanosis ;  some  are  of  great  interest). 

6.  Myxomaiodes, — Sarcomata  are  prone  to  undergo  mucoid 
changes  in  different  parts  of  their  substance ;  such  a  change  may 
even  affect  an  entire  tumour.  Partially  degenerate  earcomtata 
are  described  as  myxomatodes. 

Dr  Creighton^  has  published  two  admirable  examples  of  this 
peculiar  form  of  tumour. 

1  This  Journal^  vol.  xiv. 
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Botli  tamouiB  were  removed  from  dogs  at  the  Brown  Institation, 
London,  1875. 

The  first  growth  was  situated  immediately  beneath  the  skin  of  the 
neck,  a  piece  of  the  integument  being  removed  with  it.  The  interior 
was  cystic,  and  contained  a  clear  fluid,  brownish  in  colour,  and  of 
mncous  consistence.  The  entire  growth  was  3  inches  in  diameter,  the 
cyst  walls  being  in  some  places  more  than  an  inch  in  thickness. 
Elongated,  narrow  cystic  spaces  were  found  at  several  places  in  the 
cyst  wall.  The  mass  of  the  tumour  was  soft  and  almost  gelatinous. 
The  second  case  was  removed  from  the  hip,  it  lay  close  under  the  skin. 
It  was  not  cystic,  but  its  texture  was  mobile  and  fluctuating.  It  was 
definitely  rounded,  flattened  on  its  lower  surface,  and  was  about  2 
inches  in  diameter.  The  minute  structure  was  the  same  in  both 
tumours ;  that  of  mucous  sarcoma  or  myxomatodes. 

The  cells  were  large,  about  three  times  the  diameter  of  a  leucocyte, 
and  somewhat  flattened  on  one  or  more  sides.  There  was  a  central 
nucleus,  and  a  wide  zone  of  cell-substance,  which  is  especially  granular 
at  the  periphery. 

The  intermediate  ground- substance  in  the  cystic  case  was  granular 
after  the  tumour  had  been  preserved.  In  the  case  from  the  hip,  the 
intercellular  substance  was  made  up  of  fibrils,  or  of  thicker  homo- 
geneous bundles. 

Many,  perhaps  moet,  of  the  sarcomata  which  occur  in  man 
and  attain  to  any  size,  present  in  some  part  or  other  of  their 
bulk  patches  of  tissue  undergoing  this  peculiar  mucoid  change. 
When  speaking  of  round^celled  sarcomata,  it  was  stated  that 
when  they  occur  in  dogs  they  commonly  present  a  cystic 
interior,  and  there  are  strong  reasons  for  believing  that  mucoid 
degenerations  of  these  new  growths  occur  with  greater  frequency 
in  dogs  than  in  any  other  animal  The  cause  at  present  is  not 
very  obvious. 

7.  Alveolar  Sarcomata, — ^This  peculiar  variety  of  sarcomata  very 
strongly  resembles,  in  the  histological  features,  the  carcinomata. 
These  tumours  consist  in  the  aggregation  of  cells  into  groups, 
separated  by  septa  of  fibrous  tissue.  The  cells  are  of  the  round 
variety ;  they  are  usually  of  large  size,  and,  according  to  some 
authors,  it  is  possible  to  distinguish  a  delicate  reticulum  between 
the  cells.  It  is  in  this  particular  form  of  tumour  that  the 
classification  of  new  growths,  based  on  histological  grounds 
alone,  fails,  for  it  is  impossible  to  be  absolutely  certain,  from  the 
microscopical  details  alone,  whether  we  are  dealing  with  a 
cancer  or  an  alveolar  sarcoma,  so  closely  is  the  glandular  type 
mimicked.     Hence  we  are  driven  to  ascertain  its  mode  of 
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genesis,  whether  from  connective  tissae  or  epithelial  multiplica- 
tion. The  accompanying  illustration  was  taken  from  a  specimen 
of  this  form  of  sarcoma  (Plate  XXIII.  fig.  10),  which  grew  imme- 
diately beneath  the  skin  of  the  mamma  of  a  bitch.  For  the 
opportunity  of  recording  this  case,  and  for  the  microscopic 
sections,  I  am  indebted  to  Dr  Heneage  Gibbes. 

The  true  relationship  between  alveolar  sarcoma  and  medullary 
carcinoma  ia  an  interesting  and  important  question.  The 
tumours  of  the  testis  present  us  with  very  valuable  material  in 
this  respect,  and  it  is  really  a  doubtful  question  as  to  whether 
we  have  reliable  indications  by  which  we  can  state  positively 
that  a  given  tumour  of  the  testis  is  a  sarcoma  or  carcinoma. 
Until  some  decisive  investigation  is  made  as  to  the  origin  of  the 
epithelial  lining  of  the  seminiferous  tubules,  the  question  must 
remain  in  staiu  quo.  I  hope  to  make  this  question  a  subject  for 
future  study,  but  the  custom  of  emasculating  domestic  animals 
adds  great  difficulty. 

8.  Osteo-Sarcomaia, — ^An  osteo-sarcoma  is  a  variety  of  sarcoma 
in  which  the  growth  becomes  calcified,  or  may  even  become  con- 
verted into  true  bona  The  primary  seat  of  these  growths  is 
almost  exclusively  in  connection  with  bone,  arising  either  from 
the  periosteum  or  the  medulla.  Examined  microscopically  they 
will  be  found  composed  in  places  of  calcified  tissue  or  imperfectly 
formed  bone,  containing  in  its  trabecular  meshwork  round  cells, 
spindle-shaped  cells,  or  the  giant-cells  so  characteristic  of  myeloid 
sarcomata.  In  Plate  XXIII.  fig.  6,  an  example  of  this  variety  of 
tumour  is  represented  which  grew  from  the  leg  of  a  rat  It  is  of 
considerable  size,  and  contains  all  the  variety  of  cells  just 
enumerated,  besides  a  considerable  quantity  of  pigment  scattered 
throughout  the  growth. 

9.  Psammomata. — ^This  name  psammoma  has  been  applied  to 
a  curious  form  of  tumour  occasionally  found  attached  to  the 
membranes  of  the  brain  and  spinal  cord.  The  distinguishing 
features  of  these  growths  is  the  presence  of  a  gritty  substance, 
acervulus  cerebri  or  brain  sand,  such  as  is  normally  found  in 
the  pineal  gland ;  indeed,  the  structure  of  this  appendage  of  the 
cerebrum  may  be  taken  as  the  physiological  type  of  the  psam- 
moma. This  sabulous  matter  consists  of  phosphate  and 
carbonate  of  lime,  with  a  little  phosphate  of  magnesia  and 
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ammonia^  combined  with  animal  matter.  Besides  the  pineal 
gland,  it  may  often  be  detected  in  the  choroid  plexuses,  dura 
mater,  arachnoid,  and  Pacchionian  bodies. 

Viichow  distingaishes  two  yarieties  of  psammomata. 

(1)  The  sand  occupies  the  interior  of  cavities,  which  are  formed  by 
fasciculi  of  fibrous  tissue,  in  the  form  of  compact  cylinders  or  pyri- 
form  masses. 

(2)  In  this  variety  the  sand  is  diffused  through  the  tumour  in  the 
form  of  minute,  rounded,  or  elliptical  corpuscles.  These  grains,  when 
isolated,  may  show  a  concentric  arrangement. 

Yirchow  insists  on  the  distinction  of  these  gritty  particles  from 
corpora  amylacea,  by  their  structure,  chemical  characters,  size,  and 
hardness. 

Although  these  growths  are  so  exceedingly  rare  in  the  human 
sabject,  as  for  the  most  part  to  be  regarded  as  pathological 
curiosities,  yet  they  must  occur  with  tolerable  frequency  in  the 
horse,  to  judge  from  the  number  of  reported  cases  to  be  found 
in  the  pages  of  the  Veterinarian.  The  most  frequent  situation 
of  these  tumours  in  the  horse  is  the  choroid  plexuses,  in  which 
situation  they  are  usually  symmetrical.  They  vary  in  size  from 
a  small  pea  to  that  of  a  hen's  egg.  Even  when  of  large  size  they 
rarely  cause  any  symptoms  to  indicate  their  presence,  probably 
on  account  of  their  very  slow  growth,  but  occasionally  they  have 
been  known  to  give  rise  to  furious  symptoms  leading  to  the  death 
of  the  animal 

The  largest  tumour  I  have  found  recorded,  is  one  by  Lassaigne  in 
the  Ann.  Chem.  et  PJiar.,  Ixii.  292.  The  mass  as  large  as  a  hen's 
egg  was  found  in  the  right  lateral  ventricle  of  an  old  horse ;  it  weighed 
14  drachms,  and  gave  rise  to  no  symptoms.  It  was  composed  of 
cholesterine,  58 ;  membrane  and  albuminous  matter,  39*5 ;  and  sub- 
phosphate  of  lime,  2 '5. 

The  presence  of  cholesterine  in  tumours  connected  with  the  choroid 
plexuses  is  well  attested. 

In  1854  Leblanc  made  aii  interesting  communication  to  the  Imperial , 
and  Central  Society  of  Veterinary  Medicine,  Paris,  on  the  subject  of 
tumours  of  the  brain.  ^  He  referred  to  a  case  of  enlargement  of  both 
choroid  plexuses  to  fifteen  times  their  normal  size.  Each  mass  con- 
tained a  considerable  quantity  of  small  nacreous  bodies  known  to  be 
composed  chiefly  of  cholesterine,  which  was  arranged  in  the  form  of 
crystalline  plates,  like  the  leaves  of  a  book ;  some  phosphate  of  lime 
was  also  deposited  in  a  crystalline  fomu 

*  Vide  Fetennariarhf  1865» 
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Pearly  maaseB  of  choleeteiine  haYe  also  been  detected  in  ihe  tiasne 
of  the  choroid  plexus  by  ]VL  Bouley,  jun. 

Leblanc  believes  this  condition  of  the  plexuses  to  be  associated  with 
an  abundant  accnmnlation  of  serous  fluid  in  the  ventricles,  but  on 
insufficieut  grounds. 

Accumulations  of  cholesteriue  have  been  seen  on  the  choroid  plexus 
of  the  fourth  ventricle  of  a  mare,  in  the  form  of  small  globular-shaped 
masses,  like  beads  on  a  string,  each  having  the  characteristic  lustre  of 
cholesteriue.  The  animal  was  liable  to  sudden  attacks  of  excitement, 
when  standing  in  the  stable  as  well  as  at  work. 

A  very  careful  and  exact  account  of  these  bodies  is  given  by  John 
Gamgee  in  the  Veterinarian,  1852. 

He  shows  most  conclusively  that  cholesteriue  enters  largely  into 
their  composition,  as  well  as  small  spherical  bodies,  composed  of 
phosphate  of  lima 

Gamgee  also  states  that  Dr  Bennet  describes  the  mode  of  formation 
of  these  bodies  in  the  choroid  plexuses  in  the  following  manner : — 

^'  At  first  there  seems  to  be  deposited  a  quantity  of  mineral  grannies 
in  round  or  oval  patches^  more  or  less  large.  As  these  become  more 
numerous,  a  clear  centre,  composed  of  transparent  homogeneous 
mineral  substance  may  be  seen,  which  gradually  extends  to  f^e  circum- 
ference, until  the  whole  presents  an  uniform  mass.  They  are  in  many 
respects  very  similar  to  the  mineral  concretions  so  common  in  the 
prostate  gland." 

After  comparing  the  descriptions  of  a  large  number  of  these 
curious  tumours  from  the  brains  of  horses,  with  tumours  occur- 
ring in  a  corresponding  situation  in  the  ventricles  of  the  brain  of 
human  beings,  the  only  distinction  that  can  be  drawn  between 
them  is,  that  in  the  horse  cholesteriue  and  phosphate  of  lime  are 
present,  the  former  in  considerable  quantity,  whereas  in  man 
phosphate  and  carbonate  of  lime  make  np  the  earthy  matter, 
cholesteriue  being  absent 

AdTmal'4umour&, — A  curious  tumour,  occupying  the  doraal 
region  of  the  abdomen,  came  under  my  observation  in  a  marmot 
{GyTumiys  Itidoviciantts).  The  growth  was  in  relation  with  the 
anterior  end  of  the  right  kidney,  and  in  shape  as  in  situation 
corresponded  exactly  with  an  adrenal  enormously  enlarged ;  tiie 
left  adrenal  was  normal  in  size  and  structure,  the  right  being 
represented  by  the  mass  above  described  (vide  Plate  XXITI.  fig.  7). 
The  liver  was  occupied  by  numerous  secondary  nodules,  which 
on  section  presented  a  curious  mottled  appearance  (Plate  XXIII. 
fig.  8.).  There  was  one  secondary  nodule  in  the  posterior  end 
of  the  spleen. 
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When  examined  microscopically  the  tumour  presented  an 
arrangement  of  cells  in  columns,  exactly  recalling  the  histological 
details  of  the  cortical  substance  of  the  adrenals,  particularly  the 
part  known  as  the  zona  fasciculata,  even  to  the  peculiar  brown 
pigmentation  of  some  of  the  cells.  After  dissolving  out  the  fat 
contained  in  the  cells  with  ether,  the  structure  became  much 
more  obvious  (Plate  XXIII.  fig.  9).  It  was  not  until  after  some 
cautious  deliberation  that  I  became  convinced  that  in  this 
tumour  one  had  to  deal  with  tissue  corresponding  to  adrenal 
tissue.  In  my  hesitation  I  conferred  with  Mr  F.  Eve,  of  the 
Boyal  College  of  Surgeons,  without  suggesting  anything  as  to 
the  probable  nature  of  the  growth ;  he  came  to  the  conclusion 
that  it  was  histologically  of  the  nature  of  adrenal  tissue. 

Tumours  containing  Epiblastic  and  Hypoblastic  Tissues. 

Epithelial  Tumours. — The  characteristic  features  of  the 
tumours  now  to  be  considered  is  that,  in  addition  to  tissues 
mesoblastic  in  origin,  they  contain  epithelial  elements.  They  all 
consist  of  a  framework  or  stroma  of  vascular  connective  tissue, 
in  which  the  epithelial  cells  are  embedded,  the  variety  of 
tumour  depending  (1)  upon  the  relation  or  proportion  of  the 
cell-elements  to  the  stroma ;  (2)  the  shape  of  the  cells  composing 
the  tumour;  (3)  the  type  of  construction  or  mimicry  of  the 
tumour. 

Some  of  this  class  of  growths  resemble,  in  their  structure, 
glandular  organs,  and  exhibit  a  very  definite  resemblance  to 
particular  glands.  These  tumours  have  been  termed  in  con- 
sequence adenomata. 

If  the  glandular  type  be  imperfectly  followed,  so  that  we 
distinguish  only  clusters  of  epithelial  cells  produced  in  nests 
formed  of  fibrous  tissue,  the  term  carcinomata  is  applied  to 
these  morbid  growths.  The  essential  difference  between  an 
adenoma  and  a  cancer  is,  that  in  the  former  the  cells  tend  to 
clothQ  the  walls  of  the  alveoli  in  a  regular  way,  leaving  a  central 
lumen,  as  in  the  acinus  of  a  gland,  whereas  in  the  cancers  no 
such  lumen  or  orderly  disposition  of  the  cells  can  be  detected ; 
but  they  are  all  tumbled  in  confusion  into  the  nests  formed  by 
the  fibrous  tissue.     It  must  be  borne  in  mind  that  sarcomata 
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sometimes  mimic  this  areolar  arraDgement.  The  distinction 
between  an  alveolar  sarcoma  and  a  carcinoma  is  that  the  cells  in 
the  latter  are  of  epithelial  origin*  It  must  be  admitted,  how- 
ever, that  it  is  exceedingly  difficult  to  distioguish  between  a 
cancer  and  an  alveolar  sarcoma,  merely  by  the  structural  details. 

Classificatum  of  Epithelial  Tumours. 


(1)  Adenomata. 

(2)  Carcinomata. 

(a)  Epitheliomata. 

Squamous. 

CylindricaL 
(6)  Medullary. 


(c)  Scirrhus. 

(d)  Colloid. 
(3)  Papillomata. 

(a)  Epidermal. 
{b)  Mucous. 


1.  Adenomata. — Adenoma  is  the  name  given  to  a  tumour 
whose  histological  details  conform  to  the  type  of  a  secreting 
gland.  Care  is  necessary  to  discrimiDate  between  an  enlarge- 
ment (hypertrophy)  of  a  gland  and  a  true  glandular  neoplasm, 
the  distinction  being  this — the  latter  is  impotent  to  produce  the 
secretion  normal  to  the  gland,  and  is  foreign  to  the  tissue  in 
which  it  is  situated,  notwithstanding  the  fact  that  it  originated 
from  pre-existing  gland-structures  and  in  the  substance  of 
glands,  but  microscopically  they  can  be  distinguished  from  the 
affected  tissue. 

These  tumours  may  undergo  secondary  changes,  such  as 
fatty  degeneration  of  the  epithelium,  caseation,  and  mucoid 
softening.  Dilatation  of  the  saccules  and  tubules  may  occur, 
leading  to  the  formation  of  cysts  which  may  attain  considerable 
dimensions. 

The  mammary  gland  is  frequently  occupied  by  these  tumours. 
They  have  been  found  in  the  bitch  and  in  the  cow. 

When  seated  on  the  mucous  membranes  of  the  intestines 
they  are  frequently  composed  of  convoluted  tubules,  and  bear  a 
striking  resemblance  to  Lieberkuhn's  follicles.  Probably  the 
majority  of  the  tumours  found  growing  from  the  colon  of  the 
horse  are  of  this  nature.  They  may  attain  a  weight  of  70 
pounds. 

Tumours  of  this  character,  growing  from  a  free  surface,  exhibit 
a  tendency  to  form  masses  projecting  into  the  cavity  of  hollow 
organs;  they  are  then  familiarly  known  as  mucous  polypi. 
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Such  masses  have  been  described  in  connection  with  the  vagina 
of  the  mare,  cow,  bitch,  ewe,  also  in  the  nasal  fossse  of  horses. 

One  variety  of  ovarian  tumour  resembles  in  its  structure  the 
adenomata.  In  this  situation  they  sometimes  attain  enormous 
dimensions.  They  have  been  reported  in  a  mare  fourteen  years 
old  to  weigh  upwards  of  30  pounds,  and  to  measure  37 
inches  in  circumference.^  In  the  cow  they  seem  to  be  more 
frequent,  and  greatly  exceed  this  weight;  in  the  bitch  an 
ovarian  glandular  tumour  has  been  known  to  weigh  15 
pounds,  and  in  the  ewe  7  pounds.  In  such  an  organ  as  the 
ovary,  adenomata  imperil  life  on  account  of  the  size  they  attain, 
but  do  not  invade  surrounding  structures ;  but  in  the  stomach 
intestines,  and  rectum  they  often  assume  malignant  characters, 
reproducing  themselves  in  other  organs.  In  the  nasal  fossa 
they  frequently  recur  after  removal 

2.  Carcinomata. — A  carcinoma  is  usually  defined  as  a  growth 
characterised  by  epithelial  multiplication,  which  is  its  essential 
and  distinguishing  feature.  The  cells  are  epithelial  in  their 
type,  and  are  grouped  together  irregularly  within  alveoli  formed 
of  a  more  or  less  dense  fibroid  stroma,  but  there  is  no  inter- 
cellular substance.  The  varieties  of  cancer  are  based  mainly 
upon  the  form  of  the  cells,  the  mode  of  infiltration,  and  the 
abundance  and  texture  of  the  stroma. 

(a)  EpUhdiomata, — Of  this  form  there  are  two  varieties — 
Squamous  and  Cylindrical — according  to  whether  the  cells  of 
the  growth  are  flat  (squamous)  or  columnar  (cylindrical) ;  this 
will  depend  mainly  upon  the  situation  of  the  tumour. 

So  far  as  I  have  been  able  to  ascertain  from  recorded  cases  of 
tumours  in  animals,  and  from  observation,  epithelioma  is  a  rare 
form  of  morbid  growth.  Two  undoubted  cases  have  occurred  in 
dogs,  in  both  animals  at  the  margin  of  the  anus.  The  surface 
of  the  tumour  was  ulcerated,  the  edges  raised  and  hard,  and  a 
foul,  turbid  liquid  escaped  from  its  free  surface.  Many  other 
cases  of  tumours  of  this  character  have  been  reported,  but  as 
no  microscopic  examination  was  made,  the  nature  of  the 
growths  is  unknown. 

In   one  carefully  reported  case  epithelioma  occurred  in  the 

*  Veterinarian^  4  th  series,  vol.  xv. ;  4th  series,  voL  vi. 
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bladder  of  a  horse  sixteen  years  old.  It  had  a  nodalated 
appearance,  and  measured  5  inches  in  diameter.  The  mascalar 
coat  of  the  bladder  had  hypertrophied,  and  the  fascicali  were 
strongly  marked,  except  in  the  neighbourhood  of  the  cancerous 
deposit,  where  they  were  lost.  The  histological  details  are  care* 
fully  given  in  the  original  account  of  the  case.^ 

The  sheath  of  the  bull  (prepuce)  and  the  penis  appear  to 
be  somewhat  frequently  aiBfected  with  a  morbid  growth,  which 
many  veterinary  authorities  believe  to  be  epithelioma.  Many 
of  the  cases  are  nothing  else  than  warts.  Judging  from  speci- 
mens which  have  been  preserved  in  spirit,  the  condition  in  a  few 
cases  strongly  resembles  this  form  of  cancer,  but  it  is  impossible 
to  speak  definitely  on  this  point,  until  an  opportunity  occurs  of 
examining  carefully  hardened  specimens.  The  disease  often 
recurs  after  removal.  Horses  in  India  are  liable  to  an  affection 
named  Bursattee,  which  is  very  prone  to  attack  the  mouth  as 
well  as  other  parts.  Some  veterinarians  believe  it  to  be  epithelio- 
matous  in  its  nature,  but  when  carefully  investigated  it  will  no 
doubt  turn  out  to  be  parasitic. 

The  remaining  varieties  of  cancer  insensibly  blend  with  each 
other,  the  distinguishing  features  depending  upon  the  propor- 
tion of  fibrous  stroma  in  any  individual  tumour. 

1.  Medullary  or  EncephalM  Cancer. — In  this  form  the  cells 
are  very  abundant,  the  stroma  delicate  and  scanty,  the  tumour 
is  soft,  and  often  gives  rise  to  the  impression  when  manipulated 
of  a  cystic  interior.  The  occurrence  of  this  variety  of  cancer  in 
animals  is  well  attested;  indeed,  it  seems  to  be  the  commonest 
form  of  cancer  in  them.  One  exceedingly  frequent  situation  is 
the  eyeball  and  orbit,  where  such  growths  attain  enormous 
dimensions.  A  well  reported  case  of  this  kind  will  be  found  in 
the  Veterinarian  (4th  series,  vol.  iii.  p.  431).  A  large  encephaloid 
cancer  involved  the  eyeball  and  optic  nerve  in  a  horse.  The 
diagnosis  was  confirmed  microscopically  by  Gairdner,  Bennett, 
and  Haldane  in  the  Edinburgh  University.  Professor  Axe,*  the 
well-known  veterinarian,  in  reporting  on  the  histological  details 
of  a  cancerous  tumour  weighing  13  ounces,  removed  from  the 
orbit  of  a  horse  aged  12  years,  states  that  such  tumours  are 

*  Feterinarianf  4th  series,  vol.  xxviii. 

*  Ibid.f  vol,  XX. 
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very  common  in  the  eyes  of  horses  and  other  domestic  animals, 
oxen,  dogs,  and  sheep.  Guy's  Hospital  Museum  contains  a 
specimen  of  medullary  cancer  affecting  the  cornea  and  conjuctiva 
of  a  horse.  The  growth  is  of  the  size  of  a  walnut ;  I  have  had 
an  oppotunity  of  examining  it  microscopically. 

Carswell  reported  on  a  medullary  cancer  of  the  spleen  of  a 
horse  which  weighed  102  pounds. 

The  mammary  gland  in  mammals  as  in  man  is  liable  to  become 
the  seat  of  this  form  of  cancer.  Dr  Heneage  Gibbes  has 
furnished  me  with  sections  of  this  form  of  cancer,  from  the 
mammary  gland  of  a  bitch,  in  which  the  structure  of  medullary 
cancer  was  most  perfectly  shown. 

It  is  well  recognised  that  a  form  of  new  growth  generally 
recognised  as  medullary  cancer  is  prone  to  attack  retained  testes 
in  man;  the  following  cases ^  are  interesting,  inasmach  as  they 
show  that  the  same  predisposition  prevails  in  the  lower  animals : — 

The  first  concerns  an  aged  grey  pony,  a  rig.  At  its  death  an 
immense  lobulated  tumour  occupied  the  lumbar  region,  weighing 
20  pounds.  The  left  testis  was  retained  in  the  abdominal  cavity. 
It  measured  8  inches  in  length,  and  was  of  corresponding  breadth  and 
thickness.  Its  surface  was  covered  with  small  lobulated  growths. 
On  section  the  testis  presents  a  various  coloured  surface,  dark  towards 
the  centre,  where  there  was  some  calcareous  deposit  The  epididymis 
was  much  enlarged  and  diseased  like  the  testicle.  The  enlargement 
extended  through  the  cord  for  a  distance  of  8  inches.  The  specimen 
was  examined  by  Professor  Axe,  who  pronounced  it  to  be  encephaloid. 
The  large  mass  in  the  lumbar  region  being  secondary  to  the  disease  in 
the  testicle. 

Encephaloid  cancer  has  also  been  reported  in  a  retained  testicle 
of  a  dog.* 

These  cases  show  conclusively  that  cancer  is  a  morbid  growth 
not  confined  to  man  but  affects  domesticated  animals  as  well. 
Former  writers,  Bayer,  Bousseau,  Tanchou,  and  others  have 
mentioned  the  occurrence  of  cancer  in  animals,  but  the  term  is 
not  used  by  them  in  that  definite  sense  with  which  it  is  now 
employed.  I  am  well  within  bounds  in  stating  that  there  are 
not  fifty  examples  of  tumours  described  in  animals  where  the 
detailed  account  of  the  histological  nature  of  the  tumour  can  be 

1   VeUrinarian,  4th  series,  voL  xxv.  p.  262. 

'  Medullary  cancer  of  testis  is  placed  here  provisionally,  vide  the  remarks 
mider  Alveolar  Sarcoma,  p.  456. 

VOL.  XIX.  2  H 
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relied  npoit    The  following  cases  occarring  in  wild  animals  will 
perhaps  on  this  account  be  more  valuable : — 

Among  interesting  instances  of  carcinomata  must  be  included  one 
shown  at  the  Pathological  Society,  London,  February  1885,  by  Dr 
Goodhart  It  was  the  biain  of  a  baboon  {Anubis),  winch  had  a  Luge 
ragged  looking  tumour  07er  the  optic  chiasma.  The  nerves  and  other 
parts  of  the  brain  appeared  to  be  quite  healthy.  The  base  of  the  skull 
showed,  by  the  eroded  condition  of  the  bone,  that  the  tumour  had 
occupied  the  pituitary  fossa,  and  spread  outwards  in  the  adjacent  part 
of  the  middle  fossa.  It  evidently  had  its  origin  in  the  pituitary  body. 
The  tumour  is  composed  of  large  epithelial-looking  cells,  arranged  in 
an  alveolar  manner.  This  arrrangement  of  cells,  associated  with  the 
fact  that  the  pituitary  body  arises  from  epiblast,  justifies  its  position 
among  the  carcinomata. 

The  animal  lived  in  the  Zoological  Oardens,  London,  and  presented 
head  symptoms  some  weeks  before  its  death.  The  specimen  is  now 
in  the  museum  of  the  College  of  Surgeons. 

It  is  an  interesting  circumstance  to  know  that  even  reptiles 
are  liable  to  the  inroads  of  cancer. 

A  python  (Python  seboR)  which  had  lived  in  the  Zoological 
Society's  garden  for  fifteen  years  was  found  to  be  ailing,  and 
as  it  grew  worse  it  was  deemed  advisable  to  kill  it  On  making 
the  post-mortem  examination  the  viscera  were  found  to  be 
the  seat  of  an  enormoas  number  of  secondary  growths.  The 
liver  measured  3  feet  in  length,  and  was  studded  with  hard 
yellowish-white  nodules,  varying  in  size  from  a  pea  to  that  of  a 
large  walnut  The  lung  contained  twenty  similar  nodules  of 
the  size  of  a  pea.  The  kidneys  had  each  a  laige  mass  of  new 
growth  at  their  posterior  ends  equalling  in  size  a  large  walnut 
The  ovaries  had  several  nodules  of  the  size  of  an  orange,  some 
being  rather  smaller  (Plate  XXIII.  figs.  11  and  12). 

The  nodules  in  all  the  organs  were  of  a  yellowish-white  colour, 
exceedingly  hard  to  the  touch,  and  many  on  being  cut  into  exuded 
a  greenish  coloured  fluid  This  was  most  obvious  in  the  ovarian 
masses. 

In  histological  details  they  conformed  to  medullary  cancer, 
being  made  up  of  alveoli  containing  masses  of  irregular  cells. 
The  alveolar  walls  are  exceedingly  thin  and  in  places  difficult  to 
distinguish.  None  of  the  growths  were  vascular,  and  the 
larger  masses  showed  cavities^  the  result  of  disintegration  of  the 
morbid  growths. 


TUM0UB8  IN  ANIMAL&  465 

It  was  impossible  to  decide  as  to  the  original  seat  of  the 
growth,  bat,  taking  into  consideration  the  size  of  the  oTarian 
tnmonrs,  and  the  relation  of  the  blood  stream  to  the  other  organs, 
I  came  to  the  conclnsion  that  the  ovaries  may  have  been  the 
starting-place  of  the  mischief. 

2.  Scirrhous  Cancer. — In  this  variety  the  cells  are  less 
numerons,  the  stroma  very  abundant,  the  tumour  is  firm  and 
hard  to  the  touch,  creaks  when  cut  with  a  knife,  and  on  section 
presents  the  glistening  appearance  of  a  firm  fibrous  tumour. 
The  only  difference  histologically  between  this  and  the  preceding 
variety  is  the  excessive  proportion  of  fibrous  stroma. 

A  morbid  growth,  corresponding  to  the  above  description,  has 
not  yet  come  under  my  notice  in  an  animal;  it  may  be  due  to 
accident,  but  it  is  certainly  very  curious  that  a  growth  so  fear- 
fully prevalent  in  the  human  female>  should  be  so  rare  in  the 
lower  animals.  It  suggest  facts  for  future  meditation,  and 
should  urge  those  who  have  opportunities  to  investigate  the 
matter. 

3.  Colhid  Cancer. — This  resembles  scirrhous  cancer  in  the 
abundance  of  its  stroma,  but,  in  the  place  of  cells,  its  alveoli  are 
filled  with  a  gelatinous  colloid  material.  This  condition  is 
probably  brought  about  by  the  colloid  d^eneration  of  the 
cells. 

The  most  striking  example  of  colloid  cancer  that  I  have  seen 
in  animals  occurred  in  the  mammary  gland  of  a  bitch,  the 
sections  of  which  were  placed  at  my  disposal  by  Dr  Heneage 
Gibbea  In  this  case  it  is  possible  to  distinguish  in  the 
sections  portions  which  correspond  exactly  to  medullary  cancer, 
and  in  other  places  every  stage  of  colloid  change,  from  a  few 
drops  in  the  middle  of  an  alveolus,  to  large  tracts  of  degenerated 
tissue.  At  the  periphery  of  the  tumour  the  histological  details 
correspond  in  every  particular  with  what  would  easily  pass  as 
good  examples  of  scirrhous  cancer. 

Papillomata. — ^These  tumours  in  their  ultimate  structure 
resemble  an  agglomeration  of  ordinary  papillae,  and  like  them 
grow  from  cutaneous  and  mucous  surfaces.  In  structural 
details  they  resemble  exaggerated  papillae  of  the  skin,  and 
consist  of  a  base  of  richly  cellular  connective  tissue  supporting 
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blood-vessels,  the  whole  being  overlaid  bj  a  covering  of  epi- 
thelium, the  character  of  the  cells  varying  with  the  situation  of 
the  growth.  Those  growing  from  skin  have  a  hard  epithelial 
investment,  whilst  those  from  mucous  surfaces  are  softer  in 
consistence.  The  individual  papilliB  may  be  single,  but  often 
possess  secondary  or  tertiary  papillae. 

Papillomata  are  of  frequent  occurrence  in  some  animak 
Favourite  situations  in  sheep  are  the  feet,  immediately  above  the 
coronet  and  at  the  margin  of  the  mouth.  The  museum  of 
the  College  of  Surgeons  possesses  a  splendid  specimen  of  papillo- 
mata in  the  head  of  a  dog ;  the  mouth,  hard  palate,  tongue,  lips, 
and  cheeks  are  beset  with  these  growths.  The  trachea  had 
similar  growths  near  its  bifurcation. 

There  is  also  an  oesophagus  of  an  ox  in  the  same  collection, 
with  the  whole  of  its  mucous  surface  covered  with  a  gro¥rth  of 
warts.  This  is  by  no  means  uncommon,  and  several  cases  are 
recorded  in  veterinary  periodical  literature  (Plate  XXIIL  fig.  13). 

The  museum  of  the  Veterinary  College  contains  a  very  good 
example  of  this  condition  also  in  the  oesophagus  of  an  ox.  It 
was  observed  by  the  butcher  when  the  animal  was  killed ;  no 
symptoms  were  observed  during  the  animal's  life.  They  stron^y 
resemble  the  villous-like  processes  which  beset  the  mucous 
surface  of  the  oesophagus  in  turtles. 

This  is  the  best  place  to  notice  a  curious  variety  of  cutaneous 
growth,  which  is  occasionally  found  on  the  cornea.  In  man 
they  are  usually  situated  at  the  limbus  conjunctivae,  partly  oa 
the  cornea,  or  on  the  sclerotic.  The  surface  of  such  growths  is 
usually  smooth,  but  they  may  be  lobulated.  These  tumours  are 
as  a  rule  congenital,  and  almost  stationary,  increasing  very  slowly 
with  the  rest  of  the  body. 

In  one  case  described  by  Wardrop^  twelve  long  hairs  grew 
from  one  of  these  patches,  passed  between  the  eyelids,  and  huDg 
over  the  cheeks.  These  hairs  did  not  appear  until  the  patient's 
beard  commenced  to  grow. 

The  following  cases  show  that  such  growths  are  not  confined  to 
human  beings : — 

Dr  Dobson  published  an  account  of  one  which  grew  on  the  eyeball 
of  a  mongrel  bull-terrier. 

,  ^  Morbid  Anatomy  qf  the  Eye, 
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The  patch  of  integainenfc  was  triangular  in  outline,  with  its  base 
corresponding  to  the  outer  margin  of  the  cornea  and  the  apex  towards 
the  outer  canthus.  The  skin  was  clothed  with  hair  exactly  like  that 
on  the  dog's  back.  The  abnormal  patch  looked  as  though  a  piece  of 
skin  had  been  taken  from  the  animal's  back  and  grafted  on  the  eye- 
ball The  dog  was  full  grown,  but  the  testes  were  not  in  the 
scrotum. 

In  1870  a  sheep's  eyeball  was  sent  to  the  College  of  Surgeons, 
London,  for  preservation  in  the  museum,  which  presents  a  similar 
condition.  It  is  thus  described  by  Dr  Garson  ^ : — "  The  preparation 
shows  at  the  outer  canthus  and  superiorly  a  projection  resembling  a 
mole ;  it  is  of  rounded  form,  measuring  about  5  millimetres  in  diameter, 
situated  along  the  edge  of  the  cornea.  From  the  top  of  this  springs 
a  lock  of  wool,  some  of  the  fibres  of  which  are  as  long  as  6  cm.  The 
growth  is  of  a  brown  colour,  more  deeply  pigmented  at  some  points 
than  at  others,  so  that  it  presents  a  mottled  appearance  (Plate  XXIII. 

fig.  H). 

The  following  case  occurred  in  a  greyhound  puppy  aged  three 
months.  On  the  ball  of  each  eye,  at  the  outer  comer,  there  is  a 
quantity  of  hair,  which  entirely  covers  the  white  of  that  part,  and 
approaches  quite  up  to  the  pupil  ( Veterinarian^  voL  xxvi.  p.  777). 

Among  this  class  of  growths  must  be  placed  the  following 
carious  example  contained  in  the  museum  of  the  Eoyal  College 
of  Surgeons.  It  is  the  head  of  a  cock,  with  a  large  conical  mass 
protruding  from  the  external  auditory  meatus,  of  the  size  and 
shape  shown  on  Plate  XXIII.  fig.  16.  It  seems  to  be  made  up 
of  a  mass  of  epidermal  cells,  and  resembles  the  horn-like  growths 
now  and  then  seen  in  human  beings,  originating  in  sebaceous 
follicles  or  cysts. 

Everard  Home,  in  1791,  contributed  an  interesting  paper  to  the 
PhU.  Trans.,  entitled  "  Observations  on  Certain  Horny  Excrescences 
of  the  Human  Body."  After  referring  to  numerous  well-marked  cases 
of  homy  growth  occurring  in  human  beings,  he  describes  the  following 
case  in  a  footnote : — 

A  sheep,  about  four  years  old,  had  a  large  horn,  3  feet  long,  grow- 
ing on  its  flank.  It  had  no  connection  with  bone,  and  appeared  only 
to  be  attached  to  the  extemal  skin.  It  dropped  off  in  consequence  of 
its  weight  having  produced  ulceration  of  the  soft  parts  to  which  it 
adhered.  On  examining  it  there  was  a  fleshy  substance,  several 
inches  long,  of  a  fibrous  texture,  filling  up  its  cavity,  on  which  the 
horn  had  been  formed. 

Hunter  was  well  aware  that  these  horns  are  nothing  more  than 
cuticular  productions  arising  from  a  cyst,  and  Home  refers  to  a  case 
which  grew  from  the  tip  of  a  sheep's  ear,  and  shows  the  analogy  these 
spurious  horns  bear  to  the  horn  of  the  rhinoceros,  thus : — ^'  The  horn 

^  JcwtnaZ  of  Anat.  and  Phyn,^  vol.  xiv.  p.  252. 
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of  the  itunoeeros  is  a  cnticidar  appendage,  similar  to  nails  and  oliher 
caticalar  excresoeneeSy  being  in  no  respect  allied  to  homa  Imt  in  the 
external  appearancei" 

Teratoid  Tdmoubs. 

The  teratomata  are  a  group  of  congenital  tamonrs  remaikable 
for  the  variety  of  the  elements  composing  thenx.  They  may 
contain  fibroos  tissae*  bone,  cartilage,  moscle,  skin,  hair,  n^ves, 
glands,  or  indeed  any  tissue.  The  most  freqneot  situations  for 
such  tumours  are  the  head,  the  sacral  region,  the  neck,  and  the 
genital  organs,  ovary,  and  testis. 

This  class  of  tumours,  both  in  man  and  the  lower  animals, 
has  received  a  considerable  amount  of  attention  at  the  hands  of 
such  eminent  teratologists  as  St  Hilaire,  Gurlt,  Forster,  Ahlfeld, 
and  others,  that  there  is  no  need  for  me  to  enter  further  into 
the  question  at  present. 

The  forms  of  teratomata  known  as  dermoid  cysts,  when  occur- 
ring in  the  head,  deserve  a  little  notice,  as  they  are  often,  when 
containing  teeth,  confounded  with  dentigerous  cysts. 

Dermoid  cysts  are  a  variety  of  teratomata  whose  inner  surface 
has  the  same  structure  as  normal  skin,  but  they  may  occur  in 
situations  where  skin  is  not  normally  found  The  contents  of 
these  cysts  are  usually  sebaceous  matter,  hair,  teeth,  and  occa- 
sionally other  tissues.  If  the  cyst  is  of  any  size  it  is  surrounded 
by  a  fibrous  capsule. 

Dermoid  cysts  containing  teeth  occur  with  especial  frequency 
in  the  horse,  the  most  frequent  situation  being  the  t^nporal 
region  near  the  glenoid  fossa.  There  are  many  instances 
recorded  of  the  occurrence  of  these  cysts  on  the  petrous  portion 
of  the  temporal  and  the  sphenoid  bone  in  the  horse  and  ox. 
Cysts  containing  hair  have  been  found  embedded  in  the  muscular 
substance  of  the  tongue  of  an  ox. 

-Etiology  of  Tumours. 

There  are  many  points  in  this  account  of  the  comparative 
pathology  of  tumours,  which  are  interesting  in  connection  with 
that  fascinating  subject,  the  sbtiology  of  new-formations.  The 
theory  of  Cohnheim,  which  ascribes  the  origin  of  tumours  to 
persistent  germinal  rudiments,  is,  of  all  hypotheses  that  have 
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bees  proposed,  the  one  that  has  moet  to  reoommeDd  it,  if  the 
name  tnmour  be  nsed  io  its  moat  restricted  sense. 

The  orgin  of  true  cysts  from  fanctionless  dncts  and  tabulee  is 
a  fact  which  do  oae  can  doubt ;  for  example,  the  cystic  dilatation 
of  the  tnbnleB  comprising  the  parovariam,  paroophoron,  par- 
epididTiuia,  and  duct  of  Gartner  in  man  and  animab.  Id  the  last 
number  of  this  J&umai  an  endeavonr  was  made  to  demonstrate 
the  origin  of  other  examples  of  cysts  in  fn^,  toads,  birds,  &c, 
from  rudimentary  ducts.  If,  then,  we  receire  without  demur, 
the  origin  of  cystic  stmctnres  from  fuDctioDless  tubalar  organs, 
why  should  the  origin  of  solid  tumours  from  rudiments  be 
doubted,  especially  if  the  existence  of  such  nntransfonned  tracts 
of  tissues  can  be  demoDstiated 
nneqaivocally  to  be  heteroplastic 
in  their  nature. 

The  existence  of  a  piece  of  car- 
tilage  in  the  midst  of  the  shaft 
of  a  loDg  bone  in  a  boy,  aged  5 
years,  is  cartilage  in  the  wrong 
place,  yet  such  was  the  case  in 
the  section  of  the  lower  end  of 
the  femur  represented  in  fig.  23. 

The  existence  of  cartilage  islands 
has  DOW  been  known  for  some  _ 

years,  and  Virchow  showed  that  „     „„    „.  ,         -  ^  _,    , , 

,  .  ,     .  ,  Fio.  28.  —Rickety  epipbjsis  of  lemar 

snch  ontransformed  pieces  of  ear-  ^i^  ^  cartalge  island, 

tilages  may  be  regarded  as  tumour 

germs,  and  later  in  life,  if  circumstances  be  favourable,  may 
actually  develop  into  tumours — enchondromata.  It  is  quite ' 
posaible  that  oeteomata  may  thas  arise,  for  this  latter  variety 
-  must  only  be  re^rded  as  an  advanced  stage  of  development  of 
an  eDchoudroma 

A  frequent  spot  for  the  existence  of  these  belated  rudiments, 
is  that  region  of  the  skull,  known  as  the  asterion.  It  will  be 
readily  seen  on  reference  to  fig.  24,  that  a  region  of  hyaline 
cartilage  exists  in  the  fcebal  skull  posterior  to  the  tympanic 
annulus.  The  fignre  was  taken  from  the  skull  of  a  ftbtns  at 
about  the  fifth  month,  the  cartilage  in  question  being  a 
remaant  of   the  primordial  chondro-cranium.    As  osaificatioD 
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proceeds,  this  tract  of  cAitilBge  is  iavadod  by  the  following 
centres,  pro-otic,  epi-otic,  opisthotic,  and  pterottc,  belonging  to  the 
periotic  capsule ;  by  the  ex-  and  sqoamo-occipitals,  and  by  the 
Bt^lo-  and  tympano-byal  ossificatioDS.  Thus  no  less  than  eight 
independent  ossific  centres  invade  this  cartilage,  and  come  into 
more  oi  less  close  relationship  neat  the  region  asterion.  In  this 
scramble,  little  tracts  of  cartilage  get  locked  in,  and  may  often 
be  seen  in  yonog  sknlls,  from  the  fcstos  ap  to  puberty.  Of  all 
regions  of  the  sknil,  the  asterioa  is  by  far  the  most  freqaent 
seat  of  exostoses ;  this  is  tme,  not  only  of  man,  bat  of  some 
animals,  pazttcolsrly  horses. 


Fia.  24. — Skull  of  ft  tetoa  at  the  fifth  mooth,  ihowiiig  the  chondnl  eouditiaii 
of  the  Kgion  aiterion. 

In  a  short  but  interesting  paper  in  this  Journal,  voL  xiii. 
p  200,  Professor  Turner  draws  attention  to  some  obserrations  of 
Seligman,  Welcker,  "Baniard  Davis,  and  adds  some  of  his  own, 
calling  attention  to  the  fact  that  in  uertain  deformed  skulls 
described  as  Titicaca's,  Huaoaka's,  and  Aymara's,  exostoses  in  the 
neighbourhood  of  the  external  auditory  meatus  existed.  Also 
in  sknlls  from  the  natives  of  the  Marquesas  Islands,  and  in 
deformed  Peruvian  skulls,  these  growths  have  been  detected. 
More  recently.  Professor  Turner  has  described  similar  exostoses 
in  Sandwich  Island,  Chatham  Island,  and  N^ew  Zealand  Crania.' 
He  is  careful  to  point  out  that   these  exostoses  are  not  race 

'  Beport  on  CranU  collected  by  H.M.S.  Challenger,  Zool.   ChaXl  Bif.,  pt 
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peculiarities,  as  Professor  Welcker  was  also  aware,  and  this  is 
borne  oat  by  the  fact  that  in  the  Barnard  Davis  collection  exos* 
toses  occurred  in  races  widely  separated.  The  late  Mr  Toynbee 
stated,  that  out  of  1013  ears  be  dissected,  14  cases  of  bony 
outgrowths  from  the  waUs  of  the  meatus  were  found.  These 
facts  seem  to  strongly  support  the  view  that  exostoses  in  this 
region  arise  from  the  islands  of  cartilage  so  common  in  this 
situation. 

If  it  be  admitted  that  exostoses  in  relation  with  the  external 
auditory  meatus  arise  in  this  way,  then  the  same  origin  applies  to 
osseous  tumours  in  relation  with  the  jaws,  orbits,  nasal  fosssa, 
pelvis,  vertebral  column,  and  long  bones  of  the  limbs.  The  fossae 
of  the  skull  were  originally  fashioned  in  cartilage,  and  un- 
transformed  tracts  of  this  tissue  may  occasionally  be  detected, 
especially  in  young  skulls. 

In  the  long  bones  the  origin  of  belated  rudiments  is  rather  to 
be  looked  for  in  connection  with  the  epiphysial  cartilages  rather 
than  the  chondral  tissue  of  the  original  shaft. 

The  heterogeneity  of  a  piece  of  cartilage  in  the  midst  of  a 
compact  bone  is  a  condition  of  things  almost  certain  to  attract 
attention,  but  in  the  case  of  muscle  fibre,  fibrous  tissue,  and  the 
like  to  the  naked  eye  the  distinction  is  not  so  obvious,  and  as 
these  tissues  are  always  more  or  less  mixed,  the  detection  of 
such,  as  tumour-germs,  in  any  organ,  is  open  to  much  mis* 
interpretation. 

It  must  be  remembered  that  all  germs,  even  when  they 
exist,  do  not  develop  into  tumours.  Three  roads  are  open — 
(1)  they  may  later  in  life  undergo  transformation  into  normal 
tissue;  (2)  they  may  remain  quiescent  throughout  life,  unless 
(3)  irritation  stimulate  them  into  abnormal  activity.  As  to 
what  constitutes  irritation  in  this  sense  nothing  at  present  is 
definitely  known. 

There  are  certain  forms  of  iritic  cysts  which  support  the 
notion  of  tumour-germs  very  strongly.  Cysts  of  the  iris  are  of 
two  forms ;  hygromata  which  contain  a  watery  fluid,  the  walls 
being  composed  of  a  basement  membrane  lined  with  a  layer  of 
tesselated  epithelium.  The  other  form  simulates  sebaceous  cysts, 
and,  like  them,  possesses  thick  walls  and  enclose  epithelium  and 
epithelial  debris.    It  has  often  been  observed  by  occulists,  or  oph- 
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thalmologkts  as  they  now  prefer  to  call  theBiselves,  that  these 
cyBts  often  arise  as  sequels  to  an  injary  of  the  cornea.  The  prob- 
able explanation  of  their  origin  is,  that  daring  the  injury  scmie 
particles  of  epithelium  are  carried  into  the  anterior  chamber  and 
engraft  themselves  on  to  the  iris,  and  develop  much  in  the  same 
way  that  a  fragment  of  epidermis  placed  on  a  grannlatiiig  surface 
would  engraft  itself  and  give  rise  to  new  epidermia  Some 
ovarian  cysts  supply  us  with  facts  exactly  analogous  to  this. 
Cases  have  been  placed  on  record  where  papillary  cysts  of  the 
ovary  have  from  some  cause  (injury)  ruptured,  and  their  contents 
have  been  di£Fiised  far  and  wide  thronghout  the  peritoneal  cavily ; 
the  various  cell  elements  of  the  cyst  thus  diffiised  have  engrafted 
themselves  on  the  peritoneum  and  developed  veritable  new 
growths. 

Who  can  gainsay  that  those  rare  cases  of  sebaceous  cysts,  occur- 
ring deep  in  the  tissues  of  the  neck,  may  not  have  had  their 
origin  in  defective  closure  of  the  branchial  clefts,  which  form 
such  prominent  features  in  the  early  embryonic  history  of  every 
mammal  that  breathes.  Those  cysts,  familiar  as  hydrocele  of  the 
neck,  doubtless  belong  to  the  same  category. 

The  sarcomata  are  an  exceedingly  difficult  group  to  deal  witL 
In  the  early  stage  of  the  general  development  of  the  embryo  the 
connective  tissues  assume  a  gelatinous  condition,  it  being  only 
in  the  later  stages  that  the  definite  forms  of  the  various  tissues 
are  assumed, — fibrous  tissue,  cartilage,  bone,  and  the  lika 

The  sarcomata  in  their  histological  characters  are  modifica- 
tions of  inmiatnre  connective  tissue,  such  as  so  largely  pervades 
the  foetus,  and  the  various  forms  of  the  sarcomata  are  to  be 
regarded  as  immature  conditions  of  foetal  connective  tissue,  which 
persist  as  such,  instead  of  advancing  to  a  higher  grade  of  develop^ 
ment  Probably  the  round-celled  sarcoma  is  the  lower,  and  the 
spindle-celled  the  higher  conditions  of  this  tissue,  for  we  know 
that  spindle-ceUed  growths  exhibit  great  tendency  to  chondrify 
and  even  to  ossify. 

Tissue  development  and  growth  are  at  an  acme  in  youtii, 
gradually  declining  as  life  advances.  In  the  same  way  sarco- 
matous growths  are  most  frequent  in  youth ;  occur  less  frequently 
in  middle  life,  and  least  often  in  senility. 

The  epithelial  or  glandular  type  of  tumours  present  us  with 
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some  intereetinf;  featares  oE  tumoar  developmeot,  the  type  of 
thia  class  of  Dflw-formstion  being  glaodnlar  tissue  which  never 
attains  b  fonctional  conditioD.    If  the  development  history  of  a 
gland  be  traced  oat,  it  will  be  found  to  commence  by  a  down- 
growth  of  epithelinm,  from  the  epiblast  or  hypoblast,  at  the  case 
may  be,  into  the  deeperlayras  of  the  mesoblastic  tisBues  beneath. 
This  stage  in  well  shown  in  the  accompanying  figure,  which 
lepresente  a  magnified  view  of  a  section  carried 
through  the  thumb  of  a  fcetna  at  the  fourth 
month.     The  epithelial  down-growth  and  the 
mesoblastic    elements    disport    themselvee  in 
various  ways,  and  glaadalar  oi^ans  of  different 
types  are  boilt  np,  producing  mucous,  sweat, 
milk,  sebum,  or  other  eecretions.     If,  later  in 
life,  irritation,  local  or  otherwise,  affect  the  tissue, 
abnormal  epithelial  growths  may  occnr  and  rise 
above  the  general  level,  produce  a  wart,  or,  Fib.  ss.  —  Sectios 
dipping  into  the  eubepithelial  tisanes  as  in  the     *^^^  ""  J"- 
early    stage    of    gland-formation,    but    failing      thumb  of  «roBrtli 
sufficient  formative  energy,  either  from  decline      mouth       fcetm, 
ol  vigour  or  general  constitutional  dsbility,  the      sijowing  develop- 
new  tisene  never  develops  functionally,  runs      '"g  sweat  gUnils. 
riot,  and  originate  tissues  of  low  vitality — carcinomata.      On 
Plate  XXIIL  fig.  16  is  shown  a  section  through  a  skin  graft, 
placed  on  a  granulating  surface,  which  was  left  after  removal 
of  a  congenital  papilloma.    It  is  interesting  to  note  that  the  cells 
invade  the  tissue  like  the  advauciug  border  of  an  epithelioma. 

The  ingrowths  may  occnr  in  the  neighbourhood  ol  any  glands, 
mucous,  sebaceous,  mammary,  and  others,  as  diverticula  from 
the  acini  of  existing  glands,  and  according  to  the  arrai^e- 
ment  and  variety  of  the  cells  and  stroma,  so  we  term  them 
epithelioma,  scirrbons,  encephaloid,  and  the  like. 

There  is  no  valid  reason  why  these  abnormal  down-growths  oE 
epithelium  as  a  result  of  irritation  should  not  be  considered  as 
tnmoar>germB  in  the  same  sense  as  the  little  masses  of  cartilage 
lolled  in  the  interior  of  a  long  bone. 

The  facts  recorded  in  this  paper  lead  to  some  conclusions  of 
great  inter^t;  the  most  important  may  be  summarised  as 
follows : — 
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1.  No  tumonrs  are  peculiar  to  man ;  certain  forms  occur  with 
greater  frequency  in  him  than  in  other  animals,  notably  the 
cancers.  This  may  depend  on  paucity  of  observations,  but  the 
conclusion  is  warranted  by  our  present  knowledge. 

2.  Sarcomata,  fibromata,  osteomata,  and  enchondromata  are 
the  most  widely  di£Pused  of  all  growths ;  they  occur  in  fish  and 
all  intermediate  forms  up  to  man.  We  have  reliable  evidence 
of  the  occurrence  of  osteomata  in  extinct  forms;  these  growths 
constitute  an  ancient  inheritance. 

3.  Fatty  tumours  are  almost  entirely  confined  to  animals  long 
domesticated, — the  ox,  horse,  sheep,  &c. 

4.  Odontomata  are  of  frequent  occurrence  in  mammals. 
Finally,  it  is  to  be  hoped  that  those  who  have  opportunities 

of  obtaining  tumours  in  animals  will  record  them  in  accessible 
places,  taking  care  to  supply  also  a  detailed  account  of  the 
structure,  by  neglecting  which  much  valuable  material  has  been 
lost  to  pathological  science. 

The  writer  will  be  very  glad  to  receive  examples  of  tomours 
in  animals,  either  recent  or  preserved,  in  order  to  make  our 
knowledge  more  complete  on  this  important  subject 
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Fig.  1.  A  variegated  rat  with  a  large  fibrous  tumour,  measiuring  3 
inches  in  its  longest  diameter,  growing  in  the  cellular  tissue  of  tiie 
neck,  immediately  below  the  integument  (College  of  Suigeons 
Museum.) 

Fig.  2.  The  femur  of  a  cat  with  a  large  exostosis  growing  from  its 
shaft  near  the  great  trochanter.     (Museum  of  Guy's  Hospital.) 

Fig.  3.  Portion  of  the  tail  of  a  horse  affected  wiih  melanotic  saiconuu 

Fig.  4.  A  similar  specimen  more  intensely  pigmented.  (The  two 
specimens  are  in  the  Museum  of  the  College  of  Suigeons.) 

Fig.  5.  Character  of  the  cells  in  melanotic  sarcoma  of  the  horsa 
(After  Cornil  and  Trasbot) 

Fig.  6.  The  leg  of  a  rat  with  a  large  osteo-sarcoma  developed  upon 
it.     It  is  represented  one-third  the  natural  siza 

Fig.  7.  The  kidney  of  a  marmot  with  the  adrenal  many  times  laiger 
than  normal 

Fig.  8.  The  liver  of  the  same  animal,  showing  numerous  secondary 
deposita 
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Fig.  9.  Microscopic  appearance  of  sections  of  the  enlarged  adrenal 
after  the  fat  had  been  dissolved  out  by  ether. 

Fig.  10.  Drawing  of  the  microscopic  appearance  of  an  alveolar 
sarcoma,  from  the  mamma  of  a  bitch. 

Fig.  11.  Portion  of  the  liver  of  a  python,  affected  with  secondary 
nodules  of  medullary  cancer. 

Fig.  12.  Kidney  of  same  python,  showing  a  secondary  nodule. 

Fig.  13.  Portion  of  the  cesophagus  of  an  ox,  with  papUlomata  on 
its  mucous  surface.     (Museum  of  the  College  of  Surgeons.) 

Fig.  14.  Eyeball  of  a  sheep  with  a  lock  of  wool  growing  from  a 
cutaneous  patch  on  the  cornea.     (Museum  of  the  College  of  Surgeons.) 

Fig.  15.  Head  of  a  cock  with  a  large  conical  mass  protruding  from 
the  external  auditory  meatus.  It  is  made  up  of  epidermal  cells. 
(From  the  Museum  of  the  College  of  Surgeons.) 

Fig.  16.  Section  through  a  piece  of  skin  engrafted  on  a  granulating 
surface,  to  show  the  peculiar  manner  in  which  the  epithelial  cells 
invade  the  tissue,  resembling  in  this  respect  an  epithelioma. 


ON  THE  HYOMANDIBULAR  CLEFTS  AND  PSEUDO- 
BRANCHS  OF  LEPIDOSTEUS  AND  AMIA.  By 
Professor  B.  Bamsat  Weight,  Toronto.    (Plats  XXIV.) 

While  engaged  in  the  study  of  series  of  sections  through  the 
heads  of  young  specimens  (5-6  cm.)  of  Lepidosteus  and  Amia,  in 
connection  with  an  investigation  into  the  brains  of  American 
Ganoids,  my  attention  was  attracted  to  certain  remains  of  the 
hyomandibular  clefts,  which,  it  is  generally  supposed,  abort 
entirely  in  these  genera.  After  writing  a  preliminary  note 
on  these  structures  (No.  1),  I  learned,  in  correspondence  with 
Professor  B.  G.  Wilder,  that  he  had  already,  in  1878,  made  a 
conmiunication  '^  On  a  Bemnant  of  the  Spiracle  in  Amis 
and  Lepidosteus"  to  the  American  Association  for  the  Ad- 
vancement of  Science.  He  had  been  led  to  look  for  traces 
of  the  spiracle  in  these  genera  on  account  of  its  persistence, 
in  a  more  or  less  complete  state,  in  the  other  Ganoids.  The 
short  paper  conmiunicated  by  Professor  Wilder  remained 
unpublished,  as  he  was  prevented  from  pursuing  the  subject 
It  was  accompanied  by  figures  illustrating  the  relationships  of 
the  parts  in  the  adult  Amia;  discussed  the  nature  of  the 
spiracles,  and  their  persistence  in  a  more  or  less  complete 
form  in  Selachians,  Ganoids,  and  the  Teleost  Megatops,  and 
concluded  that  the  spiracles  of  Amia  open  to  the  exterior  in 
the  young. 

I  take  this  opportunity  of  expressing  my  indebtedness  to 
Professor  Wilder  for  two  live  specimens  of  Amia,  which  enabled 
me  to  confirm  by  injection  the  description  of  the  vessels  on  p. 
494. 

Attention  was  early  attracted  by  Joh.  Miiller  (Na  2, 
p.  107)  to  the  fact  that,  with  regard  to  the  opercular  gili, 
pseudobranch,  and  spiracle,  the  Ganoids  exhibit  every  possible 
combination.  He  gives  the  following  table  of  their  occur- 
rence:— 
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Opercular  gill. 

Pseudobranch. 

Spiracle. 

1.  Acipenaer,    . 

X 

X 

X 

2.  Lepidosteas, 

X 

X 

•  •  ■ 

3.  Schaphirhyncliops, 

X 

« •  • 

•  • 

4.  Polyodon,     . 

•  •  • 

X 

X 

5.  Polyptarus,  . 

■  •  • 

•  •  ■ 

X 

■^^^— — ^— ^— ^— 

At  that  time  he  regarded  Amia  as  a  Clapeoid ;  but,  as  he  states 
(p.  133)  that  it  is  destitute  of  a  pseadobranch,  it  would  have 
represented  to  him  a  sixth  combiuation  if  included  ia  the  above 
table,  there  being  no  trace  of  an  opercular  gill  like  that  of 
Acipenser,  and  spiracles  being  hitherto  denied  to  the  genus. 

In  speaking  in  future  of  the  parts  in  question,  I  shall  employ 
the  term ''  hyoidean  demibranch ''  for  the  opercular  gill,  and 
reserve  the  term  "  spiracle  "  for  the  outer  opening  of  the  "  spir- 
acular  "  or  ''  hyomandibular  cleft."  Following  Sagemehl  (No.  3, 
p.  113),  I  shall  speak  of  any  gill  supplied  with  already  aerated 
blood  as  a ''  pseudobranch,"  and  distinguish  where  necessary  be- 
tween hyoidean  and  mandibular  pseudobranchs. 

Such  a  distinction  is  rendered  necessary  by  the  conflicting 
views  of  morphologists  on  the  homology  of  the  pseudobranch  of 
the  Teleosts.  By  Mtiller  it  was  regarded  as  the  homologue  of 
the  mcmdibular  pseudobranch  of  the  Sturgeons  and  Selachians, 
the  hyoidean  demibranch  being  supposed  by  him  to  disappear 
in  the  Teleosts  (No.  4,  p.  111).  Gegenbaur,  on  the  other  hand, 
believes  it  to  represent  the  hyoidean  demibranch,  the  man- 
dibular pseudobranch  having  disappeared  in  the  Teleosts  along 
with  the  oleft  to  which  it  belongs  (No.  6,  p.  568).  Gtegenbaur's 
views  have  recently  been  further  developed  by  Maurer  (No.  6), 
while  Dohm  (No.  7,  p.  147,  and  No.  8,  p.  321)  defends  Miiller's 
interpretation.  It  cannot  be  doubted  but  that  the  condition  of 
the  parts  in  Lepidosteus,  and  especially  Amia,  when  thoroughly 
elucidated,  will  definitely  settle  this  question. 

With  the  object  of  tracing  the  homologues  of  the  hyoidean 
demibranch,  mandibular  pseudobranch,  and  hyomandibular  cleft 
in  these  genera,  it  appeared  desirable  to  study  a  form  in  which 
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all  three  are  characteristically  present.  I  had  no  young  star- 
geons  of  a  size  suitable  for  microtomy,  and  consequently  em- 
ployed embryo  Musteli  of  about  6  cm.,  which  I  received  some 
years  ago  from  Dr  W.  K.  Brooks. 

The  points  to  which  I  specially  directed  my  attention  were  the 
foim  of  the  hyomandibular  cleft,  and  the  distribution  of  nerves 
and  vessels  to  the  neighbouring  parts.  Any  detailed  description 
of  the  vessels  has  been  rendered  unnecessary  by  the  publication 
of  Dohm's  recent  paper  (No.  8)  in  which  these  are  fully  figured. 
One  important  modification  has  been  attained  in  the  stage 
studied  by  me,  viz.,  that  the  blood  flowing  towards  the  circulus 
cephalicus  is  now  derived  not  only  from  the  hyoidean  demi- 
branch,  but  also  from  first  branchial  arch  the  efferent  artery  of 
which  {eh\  Plate  XXIV.  fig.  1)  is  connected  with  the  first  aortic 
arch  by  a  wide  stem  (co),  into  which  the  small  proportion  of  the 
blood  aerated  in  the  hyoidean  demibranch  falls,  which  has  not  been 
carried  ofi  by  the  afferent  artery  of  the  mandibular  pseudobranch. 
A  further  modification  consists  in  the  fact  that  the  thyroid  is 
no  longer  supplied  with  blood  from  the  afferent  artery  of  the 
hyoidean  demibranch,  but  from  a  branch  of  a  vessel  {tha,  fig.  2) 
containing  aerated  blood,  the  radicles  of  which  originate  in  the 
ventral  end  of  the  anterior  demibranch  of  the  first  branchial 
arch,  and  the  remainder  of  which  runs  upwards  and  outwards  on 
the  ventral  surface  of  the  hyoid  arch,  supplying  the  parts  between 
it  and  the  mandible,  till  it  reaches  the  hyomandibnlo-hyoid 
articulation,  and  probably  anastomoses  there  with  the  afferent 
artery  of  the  mandibular  pseudobranch.  From  its  course  I  con- 
clude that  this  is  the  thyro-mandibular  artery  of  Dohrn ;  if  so, 
its  newly-acquired  origin  from  an  efferent  vessel  of  the  first 
branchial  arch  is  worthy  of  note.  We  shall  find  that  it  corre- 
sponds entirely  in  its  course  to  a  vessel  which  originates  in  the 
same  way  in  Lepidosteus,  and  which  is  obviously  the  art 
hyoidea  or  hyo-opercularis  of  the  Teleosts. 

The  form  of  the  hyomandibular  cleft  may  be  studied  in  figs.  2 
and  3.  A  shallow  depression  behind  the  eye  contains  the  some- 
what narrow  aperture  of  the  spiracle,  immediately  within  which 
the  cleft  dilates  into  its  most  capacious  portion.  Into  this  there 
project  from  the  ventral  and  anterior  wall  the  filaments  of  the 
mandibular  pseudobranch,  while  from  the  dorsal  wall  a  narrow 
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canal  is  coDtiimed  upwards  and  inwards,  which  soon  widens  into 
an  oblique  slit  extending  forwards  immediately  underneath  that 
portion  of  the  auditory  capsule  which  lodges  the  external  semi- 
circular canal.  From  its  relation  to  the  capsule  this  may  be 
termed  the  auditory  diverticulum  of  the  hyomandibular  cleft. 

Several  other  Selachian  genera  possess  such  auditory  diverti- 
cula, as  was  first  indicated  by  Job.  Miiller  (No.  9,  p.  276),  who 
believed  that  they  serve  for  the  direct  conduction  of  sound- 
waves to  the  cranial  cartilage.  In  recalling  this  observation  of 
Miiller,  Sagemahl  remarks  (No.  10,  p.  211)  as  a  noteworthy 
circumstance  that  the  hyomandibular  cleft  of  the  Selachians — the 
homologue  of  the  tympanic  cavity  and  Eustachian  tube  of  the 
higher  vertebrates — should  possess  the  same  function  as  these 
structures. 

The  mode  of  development  of  the  Eustachian  tube  in  relation 
to  the  hyomandibular  cleft  has  not  been  satisfactorily  established 
in  the  Amphibia.  Iq  the  higher  vertebrates  (c/.  Hoffmann,  No. 
10a)  it  appears  to  be  always  developed  from  a  diverticulum  of 
the  cleft — ^the  canalis  tubo-tympanicus — while  the  cleft  itself 
aborts.  The  fact  to  be  afterwards  brought  forward  that  the 
Ganoids  as  well  as  the  Selachians  possess  a  recess  occupying  a 
similar  position  relative  to  the  cleft  as  does  the  canalis  tubo- 
tympanicus  of  the  higher  forms,  renders  it  very  desirable  to 
ascertain  the  condition  in  the  Dipnoi  and  Amphibia,  with  the 
view  of  learning  whether  the  diverticula  are  homologous. 

The  inner  half  of  the  hyomandibular  cleft  is  considerably  less 
capacious  than  the  outer  half,  but  it  also  possesses  a  diverticulum, 
the  aperture  of  which  is  both  mesad  and  cephalad  of  the  aper- 
ture of  the  other.  This  anterior  diverticulum  has  the  same 
general  forward  direction  as  the  auditory  recess,  but  it  does  not 
approach  the  cranial  cartilage.  About  the  middle  of  its  course 
its  lumen  becomes  suddenly  much  constricted,  and  thereafter  as 
suddenly  dilated,  so  as  to  terminate  in  a  cavity  of  oval  form. 
While  the  rest  of  the  hyomandibular  cleft  is  lined  by  epithelium 
resembling  that  of  the  mouth,  the  oval  cavity  referred  to 
possesses  a  modified  epithelium,  ciliated  at  least  in  part  (fig.  4). 
Although  my  specimens  do  not  admit  of  a  thorough  study  of  the 
elements  in  question,  I  cannot  doubt  but  that  they  constitute  a 
neuro-epithelium.     In  favour  of  this  view  is  the  height  of  the 
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epithelium,  which  od  the  median  wall  is  as  high  as  that  of  the 
macula  acustica  sacculi — 44  fi. — while  the  lateral  wall  is  clothed 
by  a  single  layer  of  tall  cylindrical  cells  half  that  height,  and 
the  ordinary  epithelial  lining  of  the  cleft  is  not  more  than  13  /i. 
We  shall  find  strictures  of  undoubted  sensory  character  in  the 
hyomandibular  cleft  of  Lepidosteus  and  Amia,  and  shall  return 
to  this  in  Mustelus  apropos  of  its  nerve-supply. 

There  are  only  two  nerves  which  it  is  necessary  for  us  to  con- 
sider in  connection  with  the  parts  engaging  our  attention — the 
glosso-pharyngeus  and  the  facialis.  Each  of  these  nerves  conducts 
itself  in  the  following  manner  {cf.  van  Wijhe,  No.  11,  p.  19): — 
After  escaping  from  the  cranial  cavity,  it  divides  into  a  dorsal 
and  a  ventral  branch.  The  former  is  very  slender,  and  is  distri- 
buted to  the  overlying  parts  of  the  system  of  neuromastic^ 
canals.  The  latter  forks  over  the  underlying  visceral  cleft, 
sending  down  a  strong  post-trematic  branch,  which  courses 
along  the  anterior  aspect  of  the  visceral  arch  behind,  while  a 
slenderer  prsB-trematic  branch  goes  to  the  posterior  aspect  of 
the  preceding  visceral  arch,  and  is  closely  connected  with  a 
pharyngeal  or  palatine  branch  distributed  to  the  mucous  mem- 
brane of  the  roof  of  the  mouth. 

The  glosso-pharyngeus  arises  from  the  medulla  in  advance  of 
the  plane  represented  in  fig.  2,  gains  the  interval  between  the 
dtLctibs  canalis  posterior  of  the  labyrinth  and  the  scu^culus,  and 
escapes  from  the  cranial  cavity  behind  the  sacculus.  It  imme- 
diately detaches  its  dorsal  branch,  and  in  the  same  plane  the 
prdB-trematic  branch  to  the  hyoidean  demibranch. 

Behind  this  point  a  palatine  branch  arises  from  the  ganglion, 
which  chiefly  ends  in  the  mucous  membrane  below  the  articu- 
lation of  the  hyomandibular  with  the  cranium.  Separated  by 
another  short  interval  is  a  second  twig  to  the  palate,  and  then 
the  remainder  of  the  nerve,  the  post-trematic  branch,  descends 
to  supply  the  anterior  demibranch  of  the  first  branchial  arch. 

After  separation  from  the  acusticus  ganglion,  tho  ganglion  of 
the  facialis  enters  the  orbit,  and  there  detaches  from  before 
backwards — 

^  I  haye  proposed  the  term  neuromast  (vcvpov  fiatrr os)  as  a  convenient  English 
equivalent  of  the  German  **Nervenhtigel."  It  may  be  employed  for  all  of  the 
sense-organs  of  that  category,  whatever  their  shape,  and  whether  free  or  pro- 
tected in  sacs,  grooves,  or  canals. 
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1.  The  Btout  palatine  branch,  which  is  destined  for  the 
mucous  membrane  medial  to  the  palato-quadrate  cartilage. 

2.  A  dorsal  branch,  to  be  afterwards  discussed. 

3.  Buccal  and  muscular  branches. 

4.  Behind  the  orbit  a  few  twigs,  which  run  back  to  the 
filaments  of  the  mandibular  pseudobranch ;  and  finally 

5.  The  remainder  of  the  nerve  forks  between  the  two 
diverticula  of  the  hyomandibular  cleft  (fig.  3)  into  the  prse- 
and  post-trematic  branches. 

The  distribution  of  the  latter  of  these  is  familiar ;  the  former 
is  at  this  stage  a  branch  of  considerable  size.  It  appears  to  end 
in  the  mucous  membrane  of  the  dorsal  and  anterior  wall  of  the 
,  cleft,  without  there  being  any  modification  of  the  epithelium  at 
the  point  in  question.  It  is  possible  that  this  is  the  remains  of 
the  fusion  between  the  still  undivided  nerve  and  the  epithelium 
of  the,  cleft  described  ]^y  van  Wijhe  (No.  11,  p.  26). 

The  result  of  the  apparently  similar  fusion  between  the 
dorsal  branch  and  the  epiblast  is  the  development  of  a  portion 
of  the  neuromastic  tract.  Whether  the  neuro-epithelium  which 
I  have  described  in  the  medial  diverticulum  of  the  cleft,  and 
which  receives  some  fibres  from  this  pr96-trematic  branch,  is  to 
be  regarded  in  the  same  light,  I  niust  leave  undetermined, 
although,  from  the  occurrence  of  a  well-developed  neuromast  in 
the  diverticulum  of  the  hyomandibular  cleft  of  Lepidosteus  and 
Amia,  I  regard  it  as  not  improbable. 

Froriep  (No.  12,  p.  35)  finds  that  the  facialis  fuses  with 
epiblastic  epithelium  in  the  neighbourhood  of  the  hyomandibular 
cleft,  and  suggests  that  the  resultant  rudimentary  sense-organ 
may  be  similar  to  the  fusion  with  the  epithelium  of  the  gill-cleft 
described  by  van  Wijhe.  But  the  sense-organs  to  which  I  now 
call  attention  are  undoubtedly  hypoblastic  in  origin.  As  far  as 
I  am  aware,  this  is  the  first  instance  recorded  of  sense-organs  of 
this  category  developed  from  hypoblast,  although  "  end  buds " 
are  common  enough  in  the  cavity  of  the  mouth,  as  well  as  in 
the  skin. 

The  dorsal  branch  of  the  seventh  is  chiefly  distributed  to  the 
dorsal  tracts  of  the  system  of  neuromastic  canals  in  front  of  the 
plane  represented  in  fig.  2,  but  the  most  posterior  twig  detached 
from  it  escapes  upwards  from  the  orbit  just  in  front  of  the  post- 
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orbital  process  in  a  groove  of  which  it  lies.  This  twig  is  destined 
for  the  snpply  of  the  transverse  commissure  of  the  neuromastic 
system,  which  joins  the  canals  of  opposite  sides  in  the  plane  of 
the  opening  of  the  eodo-lymphatic  ducta  This  is  the  commissure 
(d)  in  Meckel's  diagram  (No.  13,  pi.  ii.  fig.  9),  which  is  conse- 
quently not  homologous  with  the  supratemporal  commissure  of 
Ganoids  and  Teleosts,  as  the  latter  is  supplied  by  the  vagus.  I 
find  no  commissure  of  the  neuromastic  system  further  back  than 
this,  nor  do  I  find  any  dorsal  branches  of  the  vagus,  although 
such  are  described  for  Hexanchus  by  Gegenbaur  (N"o.  14,  p.  341), 
and  for  Pristiurus  by  van  Wijhe  (No.  11,  p.  33),  where  they 
supply  a  supratemporal  commissura  From  the  course  of  the 
backwardly  directed  dorsal  twig  of  the  seventh  referred  to,  I 
conclude  that  it  is  the  homologue  of  the  ramus  oticus,  to  be 
presently  described  in  Lepidosteus  and  Amia.  It  has  been  pro- 
bably described  heretofore  as  a  "  parietal "  branch  of  the  super- 
ficial ophthalmic  nerve,  and  probably  grows  backwards  from  the 
facial  element  of  that  nerve  at  a  stage  later  than  that  described 
by  Marshall  and  Spencer  (No.  15,  p.  491)  and  van  Wijhe  (No. 

11,  p.  26.) 

Lqndosteus. 

From  the  table  (p.  477)  it  will  be  observed  that  Miiller  regarded 
Lepidosteus  as  being  destitute  of  a  spiracle,  but  as  possessed  of 
an  opercular  gill  and  mandibular  pseudobranch.  The  two  struc- 
tures so  interpreted  by  him  are  two  scries  of  gill-filaments,  the 
more  dorsal  of  which  projects  into  the  gill-chamber  from  the 
mucous  membrane  covering  the  hyomandibular,  while  the  more 
ventral  is  situated  lower  down  and  further  back  on  the  gill- 
cover.  In  the  most  recent  paper  in  which  these  structures  are 
discussed  (No.  16,  p.  429),  Balfour  and  Parker  observe  that 
**  Mliller's  views  have  not  usually  been  accepted,  but  it  is  the 
fashion  to  regard  the  whole  of  the  gill  as  the  hyoid  gill  divided, 
into  two  parts."  I  have  met  with  few  references  to  justify  this 
remark.  Stannius  adopts  Mtiller's  view  (No.  17,  p.  219),  as  does 
Gegenbaur  (No.  5,  p.  568),  while  the  upper  half  is  generally 
spoken  of  as  a  pseudobranch,  veithout  specifically  referring  it  to 
its  proper  arch  (of  Gunther,  No.  18,  viii.  328.)  Balfour  and 
Parker  were  unable  to  contribute  anything  to  the  further  eluci- 
dation of  this  point,  as  their  oldest  larvae  (26  mm.)  showed  no 
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trace  of  ^ill-filaments  in  this  region,  although  the  hidden  gills 
were  well  developed.  From  my  specimens  of  twice  that  length, 
I  have  arrived  at  the  conclusion  that  the  hyoidean  demibranch  is 
divided  into  two  parts,  of  which  the  lower  retains  its  functional 
activity,  while  the  upper  is  a  hyoidean  pseudobranch.  My 
results  are  thus  at  variance  with  Miiller's  view,  although,  as 
will  afterwards  appear,  the  argument  against  that  employed  by 
Balfour  and  Parker  is  invalidated  by  the  persistence  of  the 
hyomandibular  cleft. 

The  following  summary  of  Miiller's  account  is  from  No.  2, 
p.  104  :— 

"  The  opercular  gill  of  Lepidosteus  is  of  considerable  size,  and 
abuts  at  an  acute  angle  with  its  upper  end  against  the  much 
smaller  pseudobranch.  Both  organs,  similar  in  outward  appear- 
ance, as  in  the  Sturgeons,  are  in  contact  without  being  connected, 
and  at  the  point  of  contact  their  filaments  incline  in  opposite 
directions.  The  bulbus  arteriosus  forms  a  long  stem,  as  in  the 
Sturgeon  and  Polypterus,  the  muscular  wall  of  which  suddenly 
ceases  before  the  artery  begins  to  divide,  which  it  does  into 
anterior  and  posterior  portions.  From  the  latter  there  arise  two 
stems,  on  each  side  of  which  the  anterior  are  the  afferent  branchial 
arteries  of  the  second  arches,  while  the  posterior  divide  for  the 
third  and  fourth  arches.  The  anterior  part  of  the  truncus  runs 
further  forwards,  gives  off  on  either  side  the  afierent  arteries  of 
the  first  branchial  arches,  and  is  continued  as  a  slender  unpaired 
stem  in  the  middle  line.  This  stem  divides  into  the  afferent 
arteries  for  the  opercular  gills,  which  therefore  receive  venous 
blood.  But  the  pseudobranch  receives  only  arterial  blood,  and 
that  from  the  ramus  opercularis,  which  supplies  the  bones  and 
muscles  of  the  gill-cover,  and  which  reaches  the  inner  aspect  of 
the  gill-cover  by  an  aperture  similar  to  that  in  the  Teleosts.  It 
is  probably  derived  from  the  ventral  end  of  the  efferent  artery 
of  the  first  branchial  arch,  and  it  is  further  probable  that,  as  in 
the  Sturgeon,  the  pseudobranch  is  a  rete  mirdbUe  caroticum  for 
both  eye  and  brain,  and  not  only  a  rete  mirdbile  apMhalmicum 
as  in  the  Teleosts." 

I  find  that  in  my  specimens  the  branching  of  the  truncus 
arteriosus  corresponds  exactly  to  Miiller's  description,  and  not  to 
Hyrtl's  {vide  Stannius,  No.  17,  p.  240). 
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The  arteria  hyoidea  also  arises  from  the  ventral  end  of  the 
eflferent  artery  of  the  first  branchial  arch,  as  suspected  by  Miiller. 
It  gains  the  lateral  or  anterior  aspect  of  the  hyoid  arch,  and  then 
divides  into  an  anterior  lingual  and  posterior  hyoid  portion.  The 
latter  runs  backwards  and  upwards  along  the  oute^  border  of  the 
hyoid  arch,  till  it  reaches  the  interval  between  the  epihyal  and 
symplectic,  where  it  accompanies  the  r.  hyoideo-rnarulibularis, 
vii.  It  does  not  reach  the  inner  aspect  of  the  gill-cover,  how- 
ever, by  an  aperture  similar  to  that  in  Teleosts,  but  anastomoses 
with  a  vessel  coming  thence  through  the  interval  between  the 
hyomandibular  and  interhyal,  the  origin  of  which  may  be  now 
described. 

Mtiller  does  not  discuss  the  fate  of  the  blood  which  is  aerated 
in  the  opercular  gill.  Its  afferent  artery  {ahg,  fig.  7),  after  run- 
ning along  the  inner  or  posterior  aspect  of  the  hyoid  arch,  is 
distributed  in  the  capillaries  of  the  gill,  whence  the  aerated 
blood  is  collected  by  an  efiTerent  artery  (ehg,  figs.  7  and  8),  which 
curves  forwards  towards  the  outer  aspect  of  the  gill-cover,  and 
anastomoses  with  the  art  hyoidea  in  the  manner  described 
above,  and  as  is  indicated  in  Agassiz's  diagram  (No.  19,  p.  485). 
From  this  anastomosis  is  developed  the  afferent  artery  of  the 
hyoidean  pseudobranch,  which  bend's  over  the  symplectic  to 
reach  the  inner  aspect  of  the  gill-cover  (ahp,  figs.  7  and  8), 
running  backwards  to  its  distribution  in  the  filaments  of  the 
pseudobranch.  The  efferent  artery  of  the  pseudobranch  runs 
forwards  in  the  roof  of  the  mouth  and  falls  into  the  internal 
carotid  artery  at  the  point  indicated  in  fig.  5,  having  crossed 
towards  that  vessel  in  front  of  the  hyomandibular  cleft  A 
small  branch  is  continued  dorsad  from  the  anastomosis  which 
supplies  the  afferent  artery  of  the  pseudobranch ;  it  anostomosea 
with  a  small  branch  of  the  carotid,  escaping  with  the  facial 
behind  the  hyomandibular  cleft  (figs.  5  and  8). 

From  the  horizontal  section  (fig.  5)  may  be  gathered  the 
mode  in  which  the  blood-supply  of  the  head  is  derived.  At 
the  point  where  the  efferent  artery  of  the  first  branchial  arch 
bends  round  to  form  with  its  neighbour  the  anterior  end  of  the 
dorsal  aorta,  a  common  carotid  artery  arises,  which  runs  forwards 
in  the  roof  of  the  mouth  below  the  cranial  cartilage  (ca,  figs.  7 
and  8).    After  giving  off  the  small  branch  already  referred  to. 
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vbich  accompaniefl.  the  facial  nerve,  the  artery  enters  the  interval 
between  the  para-sphenoid  and  cranial  cartilage,  and  divides  into 
three  Inranches,  of  which  that  nearest  the  middle  line  continues 
forwards  between  the  membrane,  bone,  and  cartilage,  while  the 
two  other  larger  stems,  which  may  be  termed  external  and  in- 
ternal carotids,  penetrate  into  the  cranial  cavity.  The  formec 
(external  carotid)  has  only  a  short  intracranial  course ;  it  enters 
the  cranial  cavity  of  the  foramen  in  the  cartilage  through  which 
the  vawus  palatinus  escapes,  associates  itself  with  the  ventral 
aspect  of  the  Gasserian  ganglion,  but  becomes  almost  immediately 
extracranial  by  the  formation  of  the  trigeminal  foramen.  In 
its  forward  course  it  gives  off  branches  to  the  mandibular  muscles 
and  arbito-nasal  region.  The  latter  (internal  carotid)  remains  in 
the  interval  between  para-sphenoid  and  cartilage,  accompanied  by 
the  ramus  palcutimia,  till  it  is  joined  by  the  efferent  artery  of  the 
hyoidean  pseudobranch,  shortly  after  which  it  enters  the  cranial 
cavity  by  the  hypophysial  fenestra,  and  without  forming  a 
drcfiUvs  cephalicvs  divides  into  bra9ches,  one  of  which  is  destined 
for  the  brain,  while  the  others  escape  into  the  orbit,  the  main 
branch  accompanying  the  optic  nerve  to  the  eye. 

It  was  chiefly  from  consideration  of  the  blood-supply  that 
MilUer  regarded  the  pseudobranch  of  Lepidosteus  as  the  homo- 
logue  of  that  of  the  Selachians,  and  it  is  obvious  that  the  agree- 
ment is  very  close  with  the  condition  described  in  Mustelus. 
The  pseudobranchs  in  both  receive  blood  which  has  been  aerated 
in  the  lower  part  of  the  hyoidean  demibranch,  and  also  from 
a  vessel,  the  art  hyoidea  or  hyo-opercularis  of  Gttnoids  and 
Teleosts,  which  is  derived  from  the  ventral  end  of  the  efferent 
artery  of  the  first  branchial  arch ;  also,  the  blood  emerging  from 
the  pseudobranchs  falls  in  each  case  into  a  stream  directed 
forwards  from  the  dorsal  end  of  the  efferent  artery  of  the  first 
branchial  arch,  and  destined  for  the  supply  of  the  brain  and  the 
ball  of  the  eye.  In  spite  of  this  agreement,  the  explanation  of 
which  I  am  unable  to  furnish  from  my  material,  other  morpho- 
logical considerations  of  greater  weight,  to  be  presently  adduced, 
appear  to  me  to  justify  the  conclnsion  that  the  pseudobranch  of 
Lepidosteus  is  the  upper  part  of  the  hyoidean  demibranch. 
Perhaps  younger  stages,  or  the  condition  of  the  vessels  in  the 
Sturionids^,  may  furnish  the  desired  clue. 
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The  condition  of  the  parts  in  Lepidosteas  proves  that  the  arL 
hyoidea  of  the  Teleosts  is  not  the  homologue  of  the  hyoidean 
aortic  arch,  as  is  sometimes  assumed  {cf.  Owen,  No.  19,  p.  485), 
for  the  two  vessels  coexist  in  that  geuus.  As  remarked  above, 
its  course  agrees  with  that  of  the  thyro-mandibular  artery  of 
Dohrn.  It  appears  to  me  to  be  homo-dynamous  with  the 
nutritive  or  branchial  arteries  which  spring  from  the  succeeding 
efferent  arteries,  in  the  way  this  does  from  the  first,  and  Co  owe 
its  greater  relative  size  in  the  Ganoids  and  Teleosts  to  the 
development  of  the  gill-cover  from  the  hyoid  arch.  The 
Selachians  also  possess  similar  nutritive  vessels  (c/.  Droecber, 
No.  20,  p.  170),  and  it  is  very  easy  to  understand  why  that  for 
the  hyoid  arch  should  be  larger  than  those  for  the  succeeding 
arches,  whereas  it  is  difficult  to  reconcile  Dohrn's  account  of  the 
origin  of  the  thyro-mandibular  artery  with  the  condition  in  the 
stage  of  Mustelus  described  above.  It  is  difficult  to  conceive  an 
aortic  arch  losing  its  connection  with  the  truncus  arteriosus, 
and  becoming  connected  with  the  efferent  vessel  of  the  seamd 
arch  behind  it.  However,  the  evidence  recently  adduced  by 
Dohrn  as  to  the  existence  of  an  independent  hyomandibular 
arch,  between  the  mandibular  and  hyoid,  promises  to  upset  those 
generally  accepted  views  as  to  the  morphology  of  the  parts  in 
question,  on  the  lines  of  which  the  description  of  the  parts  of 
Lepidosteus  and  Amia  here  given  is  based. 

The  Hyomandibular  Cleft  in  Lepidosteus. 

Apart  from  the  communication  of  Wilder  referred  to  above, 
no  reference  is  to  be  found  to  the  persistence  of  the  hyomandi- 
bular cleft  in  Lepidosteus.  In  his  memoir  on  the  development 
of  the  skull  (No.  21),  Prof.  Parker  has  apparently  overlooked 
the  perforation  of  the  cranial  cartilage  by  a  diverticulum  of  the 
cleft  to  be  described,  and,  indeed,  the  early  atrophy  of  the  cleft 
is  asserted  in  the  following  passage  from  Balfour  and  Parker's 
important  paper,  already  cited  (p.  426)  : — 

''The  pharyngeal  region,  immediately  after  it  has  become 
established,  gives  rise  to  a  series  of  paired  pouches.  These  maj 
be  called  the  branchial  pouches,  and  are  placed  between  the 
successive  branchial  arches.    The  first,  or  hyomandibular  pouch, 
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placed  between  the  maadibular  and  hyoid  arches,  has  rather  the 
character  of  a  double  layer  of  hypoblast  than  of  a  true  pouch, 
though  in  parts  a  slight  space  is  developed  between  its  two 
walls.  ....  It  does  not  appear  to  undergo  any  further  develop- 
ment, and,  so  far  as  we  can  make  out,  disappears  shortly  after 
the  embryo  is  hatched,  without  acquiring  an  opening  to  the 
exterior. 

"  It  is  important  to  notice  that  this  cleft,  \¥hich  in  the  cartila- 
ginous Ganoids  and  Polypterus  remains  permanently  open  as  the 
spiracle,  is  rudimentary  even  in  the  embryo  of  Lepidosteus." 

Although  the  hyomandibular  cleft  possesses  no  external  aper- 
ture equivalent  to  the  spiracle  of  Selachians  or  Sturgeons,  and 
probably  is  never  open  to  the- exterior,  yet  it  persists  in  the 
adult  animal  in  a  very  interesting  and  important  manner.  The 
condition  admits  of  a  direct  comparison  with  the  same  cleft  in 
Polyodon,  as  described  by  Bridge  (No.  22,  p.  697).  In  that  genus, 
as  well  as  in  Amia  and  Lepidosteus,  there  is  a  well-marked 
groove  on  the  roof  of  the  otic  cartilage,  which  with  Sagemehl 
may  be  called  the  '*  temporal "  groove.  Into  the  anterior  end  of 
this  groove,  which  is /-shaped  in  Polyodon,  a  canal  opens,  which 
terminates  by  a  slit-like  aperture  on  the  infero-lateral  face  of 
the  periotic  capsule,  between  the  articular  groove  for  the  hyo- 
mandibular, and  the  attachment  of  the  metapterygoid  ligament. 

Bridge  says  further  of  this  canal — **  In  the  fresh  specimen  it 
was  seen  that  the  slit-like  inferior  opening  was  situated  in  the 
inner  wall  of  the  spiracular  passage,  and  that  the  mucous  mem- 
brane of  the  pharynx  was  continued  through  it  into  the  canal, 
but  the  upper  part  of  the  latter,  and  the  depression  into  which 
it  opened  above,  as  well  as  the /-shaped  groove,  were  filled  with 
connective  tissue  infiltrated  with  fat  It  may,  in  fact,  be  said 
that  the  first  visceral  cleft  splits  into  two  canals,  a  large  canal 
opening  at  the  spiracle,  and  a  smaller  one  which  perforates  the 
otic  cartilage,  and  opens  on  the  superior  surface  of  the  skulL 
The  canal  is  quite  external  to  the  semicircular  canals  and  vesti- 
bule, though  it  approaches  nearest  to  the  horizontal  canal.  The 
meaning  of  this  spiracular  diverticulum  was,  at  first  sight,  not 
very  clear.  I  was  inclined  to  regard  it  as  having  some  connec- 
tion with  the  remarkable  fenestration  of  the  infero-lateral  face  of 
the  periotic  capsule  which  occurs  in  the  very  early  stage  of  the 
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embryo  Salmon,  and  which  Parker  has  called  the  'primordial 
fenestra  ovalis '  from  its  analogy  to  the  fenestra  ovalis  of  the 
abranchiate  vertebrata. 

"  But  further  consideration  suggested  to  me  that  the  diverti- 
culum in  question  might  be  nothing  more  than  a  result  of  the 
rapid  growth  of  the  cartilage  of  the  ear-sacs  round  the  upper 
part  of  the  first  visceral  cleft,  so  as  to  constrict  it  off  from  the 
rest  of  the  cleft,  which  remains  as  the  spiracular  canal." 

On  examining  a  fresh  Sturgeon's  skull,  I  found  a  diverticulum 
of  the  spiracular  passage  precisely  similar  to,  but  relatively 
smaller  than,  that  described  in  Polyodon,  and,  as  in  the  latter, 
opening  into  a  basin-shaped  depression  in  the  roof  of  the  otic 
capsule.  The  inferior  orifice  was  just  in  front  of  the  hyoman- 
dibular,  and  behind  the  mandibular  gill ;  the  upper  part  of  the 
canal  was  filled  with  fat 

If  Bridge  had  been  familiar  with  the  auditory  diverticula  of 
the  spiracular  clefts  in  such  Selachia  as  Mustelus,  he  would 
have  recognised  the  similarity  of  the  condition  in  these  chondro- 
steous  Ganoids.  That  the  diverticula  in  the  latter  are  surrounded 
by  the  otic  cartilage  is  to  be  attributed  to  the  longer  articular 
surface  necessary  for  the  changed  form  of  the  hyomandibular. 
Sagemehl  has  called  attention  to  this  factor  for  the  ooclusion  of 
the  spiracles  in  Teleosts  (No.  10,  p.  213).  It  is  obviouBl7  the 
same  cause  which  is  operative  here. 

The  most  important  point  in  which  Lepidosteus  differs  from 
Polyodon  is  in  the  relative  size  of  the  diverticulum  of  the  cleft, 
and  the  outer  part  of  the  main  canal.  In  Polyodon  the  latter 
is  larger,  and  opens  freely  to  the  exterior ;  in  Lepidosteus  it  has 
no  such  opening,  and  either  terminates  blindly  underneath  the 
cranial  cartilage  {sp,  fig.  8),  or  is  represented  there  by  a  knob 
of  epithelium.  But  the  diverticulum  of  the  cleft  is  always  well 
developed,  and  has  constant  relationships  to  the  neighbouring 
parts.  It  is  chiefly  the  relationship  of  the  inner  part  of  the 
cleft  to  the  pseudobranch  which  induces  me  to  believe  that  the 
latter  belongs  to  the  hyoid  arch.  What  this  is  may  be  seen 
from  figs.  5,  6,  7,  8. 

On  the  ventral  surface  of  the  hyomandibular  adductor 
muscle  there  is  a  groove  in  the  roof  of  the  mouth  (fig.  8),  into 
which  there  opens  in  front  of  the  muscle  (fig.  7)  the  persistent 
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hyomaDdibular  cleft  The  cleft  itself  is  directed  upwards,  oat- 
wards,  and  slightly  backwards,  but  it  will  readily  be  observed 
from  fig.  5  that  it  is  separated  from  the  most  anterior  filaments 
of  the  pseudobranch  by  the  whole  thickness  of  the  hyomandi- 
bular  adductor  muscles.  Arrived  at  the  ventral  face  of  the 
cranial  cartUage,  the  cleft  divides  into  two  canals,  the  termina- 
tion of  which  has  been  described  above,  and  parts  of  which  are 
seen  in  figs.  6  and  8.  The  epithelium  lining  the  cleft  is  the 
same  as  that  in  the  rest  of  the  mouth-cavity,  except  on  the 
antero-median  wall,  where  it  gives  place  to  a  long  patch  of 
neuro-epithelium,  as  distinctly  belonging  to  the  category  of 
neuromasts,  as  the  dermal  canal  towards  which  the  diverticulum 
extends  (fig.  8).  Both  neuromasts  are  in  fact  supplied  by  a 
branch  of  the  same  nerve,  the  ramus  oticus,  which  extends  out- 
wards towards  these  sensory  structures  through  a  special  canal 
in  the  cranial  cartilage  (figs.  6  and  8).  In  fig.  9  I  represent  the 
portion  of  the  section  drawn  in  fig.  8,  which  contains  both  epi- 
blastic  and  hypoblastic  neuromasts ;  they  agree  entirely  in  the 
form  of  the  sensory  cells,  the  hairs  of  which  in  the  latter  are 
agglutinated  into  a  sort  of  *'  cupula  terminalis."  The  epiblastic 
neuromast  is  almost  entirely  protected  by  a  neuromastic  bone — 
the  future  squamosal.  Whether  the  neuromast  in  the  cleft  is 
the  remains  of  a  coalescence  of  the  ventral  branch  of  the  facial 
nerve  with  the  epithelium  of  the  cleft,  as  one  would  be  inclined 
to  suspect  from  van  Wijhe's  account  of  the  development  of  the 
cranial  nerves  in  Selachians,  must  be  left  for  the  future  to 

decide. 

In  further  confirmation  of  the  fact  that  the  pseudobranch 
belongs  to  the  hyoid  arch,  is  the  distribution  of  the  nerve  which 
I  shall  now  briefly  consider.  As  in  Mustela  the  glosso- 
pharyngeus  escapes  first  into  the  auditory  capsule,  and  makes 
its  way  out  between  the  lagena  coc/Uece  and  the  posterior  semi- 
circular canal  (against  the  acustic  branch  for  the  ampulla  of 
which  it  lies  in  passing)  before  reaching  its  special  canal  in  the 
cranial  cartilage.  On  emerging  through  this  it  at  once  forms 
a  ganglion  truv^,  which  lies  in  front  of  the  foramen  and  below 
the  jugular  vein.  Slightly  behind  the  foramen  a  slender  dorsal 
branch  is  detached,  while  slightly  in  front  of  it  is  given  off  the 
post-trematic  branch  for  the  anterior  series  of  filaments  of  the 
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first  gill.  The  ganglion  cells  cease  opposite  the  level  of  the 
dorsal  attachment  of  the  first  epibranchial  cartilage,  and  from 
that  point  the  prae-trematic  branch  continnes  forwards  in  the 
same  position  below  the  jugular  vein.  Arrived  at  a  point  in  the 
same  plane  as  the  facial  foramen  in  the  hyomaiidibular,  it 
divides  into  two  branches,  one  of  which  (pharyngeal)  is  distri- 
buted to  the  mucous  membrane  of  the  palate,  while  the  lateral 
branch  ends  iu  the  filaments  of  the  hyoidean  peeadobranch. 
The  above  agrees  completely  with  van  Wijhe's  results  (No.  23, 
p.  78),  with  the  exception  to  be  noted  below  that  the  lataer  half 
of  the  hyoidean  demibranch  is  innervated  by  a  branch  of  the 
facial. 

Only  those  branches  of  the  facio-trigeminal  ganglionic  complex 
concern  us  here,  which  may  be  regarded  as  belonging  to  the 
seventh  nerve.  There  are  three  of  these,  each  with  an  inde- 
pendent aperture  in  the  cranial  cartilage,  viz.,  (1)  the  truncus 
hyoideo-mandibularis,  (2)  ramus  oticus,  (3)  ramus  palatinus. 
These  are  detached  from  the  ganglion  in  the  order  mentioned 
from  behind  forwards,  in  such  a  manner  that  the  first  and  third 
come  from  the  ventral  edge  of  the  ganglion,  while  the  second 
arises  from  its  dorsal  edge.  With  regard  to  the  first  and  third 
I  have  nothing  to  add  to  van  Wijhe's  account,  except  that  the 
hyoid  branch  of  the  former,  after  supplying  the  neuromastic 
tract  in  the  properculum,  attains  the  inner  aspect  of  the  gill- 
cover,  round  the  anterior  border  of  the  hyomandibular,  and  is 
distributed  to  the  filaments  of  the  hyoidean  gill.  The  ramus 
palatinus  appears  to  me  to  belong  more  intimately  to  the  seventh 
than  to  the  fifth  nerve,  and  to  be  homologous  with  the  r. 
paiatinus,  vii.  of  Mustelus.  Sagemehl  (No.  10,  p.  201)  has 
criticised  this  homology  on  account  of  the  intracranial  origin 
of  the  one  and  the  extracranial  origin  of  the  other.  But  it  is 
only  necessary  to  remember  that  the  facial  ganglion  is  intra- 
cranial in  the  one  case  and  extracranial  in  the  other,  to  account 
for  the  difference  in  their  mode  of  origin. 

The  ramus  oticus  also  belongs  unquestionably  to  the  seventh, 
and  not  to  the  fifth,  with  which  it  is  associated  by  van  Wijhe. 
If  it  be  homologous  with  the  most  posterior  of  the  dorsal  twigs 
of  the  seventh  in  Mustelus,  it  has  attained  in  the  Ganoids  a 
much  greater  independence  and  importance.    It  is  frequently  of 
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great  size  in  the  Teleosts,  as  I  have  elsewhere  indicated  (No.  23, 
p.  357).  Van  Wijhe  was  the  iirst  to  describe  this  independent 
branch  of  the  facio-trigeminal  group,  indicating  its  constant  dis- 
tribution to  the  neuromastic  canal  in  the  squamosal  bone.  He 
did  not  detect  its  presence  in  Lepidosteus  (loc.  cit.,  p.  115), 
where,  however,  it  is  present  as  in  the  other  Ganoids  (figs.  6 
and  8).  I  have  now  to  recall  the  fact  that  the  r.  oticvs  in 
Lepidosteus  and  Auiia  is  not  only  supplied  to  the  neuromastic 
tract  in  the  squamosal,  but  also  to  that  in  the  hyomandibular 
cleft  and  its  diverticulum.  If  the  latter  organ  be  the  result,  as 
I  have  suggested,  of  the  coalescence  of  the  ventral  branch  of  the 
seventh  with  the  epithelium  of  the  gill-pouch,  as  the  former  is 
of  the  dorsal  branch  with  the  epiblast,  then  that  part  of  the 
r.  oticics  which  supplies  the  neuromast  in  the  cleft  must 
represent  the  prsd-trematic  branch  of  the  seventh,  described 
above  (p.  490)  as  terminating  in  the  mucous  membrane  of  the 
anterior  wall  of  the  spiracular  cleft  in  Mustelus,  and  in  the 
neuro-epithelium  of  its  medial  diverticulum.  The  fact  that, 
like  the  post-trematic  branch,  it  has  to  escape  through  the  cranial 
cartilage  to  its  destination,  is  dependent  upon  the  intracranial 
position  of  the  facial  ganglion,  and  partly,  of  course,  on  the  sur- 
rounding of  the  diverticulum  of  the  cleft  by  the  cranial  cartilage 
as  already  explained.  According  to  the  above  suggestion,  then, 
the  seventh  nerve  in  Lepidosteus  exhibits  all  of  the  branches 
possessed  by  the  glosso-pharyngeus — viz.,  (1)  r.  dorsalis,  (2) 
r.  pharyngeus,  (3)  r.  prm-treTnaticus,  (4)  r.  post-trematicvs. 
Whether  this  scheme  will  be  established  by  future  study  of  the 
development  of  the  nerves  remains  to  be  seen;  but  the  mere 
existence  of  a  hyomandibular  cleft  would  seem  to  argue  for 
that  of  a  r.  prce-trematicns,  vii. 

It  has  been  noted  above  that  the  lower  part  of  the  hyoidean 
demibranch  is  innervated  by  the  hyoidean  branch  of  the  seveuth. 
I  would  attribute  this  to  the  interruption  of  the  vascular  arch 
connecting  the  upper  and  lower  parts  of  the  hyoidean  demi- 
branch. 

Amia, 

It  will  only  be  necessary  to  dwell  on  those  points  in  which 
Amia  differs  from  Lepidosteus.   It  is  geaerally  de3cribed  as  being 
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destitute  of  a  pseudobranch,  the  only  reference  to  the  existence 
of  that  organ  I  have  found  being  by  Sagemehl  (No.  3,  p.  113),  who 
says : — "  Bekanntlich  besitzt  Amia  eine  gut  au^ebildete  oper- 
cular pseudobranchie."  So  also  no  mention  of  any  trace  of  the 
hyomandibular  cleft  is  to  be  found  in  the  literature  treating  of 
Amia.  In  his  paper  on  the  skull  of  Amia  (No.  22),  which  pre- 
ceded that  on  Polyodon,  Bridge  overlooks  the  perforation  of  the 
cranial  cartilage  by  the  diverticula  of  the  hyomandibular  clefts, 
which  are  common  to  both  genera.  On  the  other  hand,  Sage- 
mehl (No.  10,  p.  200)  correctly  describes  the  perforation  of  the 
cranial  cartilage,  but  fails  to  interpret  its  natura     He  says : — 

"  The  ossification  of  the  post-frontal  does  not  extend  through 
the  whole  thickness  of  the  lateral  wall  of  the  chondrocranium, 
but  is  everywhere  separated  from  the  cranial  cavity  by  cartilaga 
At  the  surface  of  contact  between  bone  and  cartilage  lies  a  canal, 
which  begins  on  the  lower  border  of  the  bone  on  the  lateral  sur- 
face of  the  skull,  and  opens  above  in  the  interior  end  of  the 
temporal  groove.  As  far  as  I  could  ascertain,  it  contains  vessels 
destined  for  the  soft  parts  of  the  temporal  groove.  The  canal 
has  no  further  morphological  significance,  and  I  have  merely 
referred  to  it  for  the  sake  of  completeness." 

It  is  the  more  surprising  that  the  persistence  of  the  spiracular 
cleft  has  escaped  Sagemehl.  as  he  devotes  some  space  further  on 
(p.  213)  to  the  consideration  of  rudiments  of  the  cleft  in  Teleosts, 
comparing  such  with  the  condition  in  Polypterus,  and  attributing 
the  occlusion  of  the  dorsal  part  of  the  cleft  to  the  change  in 
shape  of  the  hyomandibular  and  its  facet.  There  can  be  no 
doubt  but  that  the  above  is  the  correct  explanation  of  the  condi- 
tion in  Teleosts ;  it  is  only  to  be  noted  that  in  the  Ganoids,  which 
possess  a  diverticulum  of  the  cleft,  this  is  not  occluded,  but  sur- 
rounded in  the  course  of  the  forward  extension  of  the  hyomandi- 
bular facet,  so  that  the  cranial  cartilage  comes  to  be  perforated 
by  the  diverticulum  in  the  same  way  that  the  hyomandibular  is 
perforated  by  the  facial  nerve. 

Before  describing  the  vessels  of  the  head  in  Amia,  I  shall 
briefly  indicate  wherein  the  pseudobranch  and  hyomandibular 
cleft  in  that  genus  difier  from  the  corresponding  parts  in 
Lepidosteus. 

Unlike  that  of  Lepidosteus,  the  pseudobranch  of  Amia  is 
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concealed,  and  resembles  in  many  respects  the  "glandular" 
pseudobranch  of  Esox.  In  Amia,  however,  the  separate  com- 
partment of  the  gUl-chamber  in  which  the  pseudobranch  lies 
— ^the  pseudobranchial  canal,  as  I  shall  call  it  (fig.  12) — retains 
a  free  communication  with  the  gill-chamber  by  a  slit-like  aper- 
tnre  situated  on  each  side  immediately  in  front  of  the  dorsal  end 
of  the  first  branchial  arch  (fig.  11.)  The  margins  of  the  slit  are 
toothed,  and  the .  teeth  give  rise  to  a  minute  cement  bone  on 
either  side  of  the  slit  No  such  aperture  exists  in  Esox,  but 
something  similar  is  probably  to  be  observed  in  those  genera 
(Salmo,  Caranx)  where  the  pseudobranch  is  partly  concealed  and 
partly  free  (No.  4,  p.  105).  If  figs  11  and  12  be  compared  with 
Maurer's  figures  (No.  6,  pi.  xiL)  it  is  obvious  that  Esox  passes 
through  a  stage  of  development  which  is  persistent  in  Amia. 
It  is  further  evident  that  the  pseudo-branchial  canal  has  been 
formed  by  the  concrescence  of  the  lips  of  such  a  groove  as  exists 
in  Lepidosteus,  the  formerly  free  gill-filaments  having  been 
turned  into  the  interior  of  the  resulting  canal.  There  can  hardly 
be  a  doubt  but  that  Amia  passes  through  the  stage  which  is 
persistent  in  Lepidosteus. 

When  I  first  observed  in  Amia  the  slit-like  apertures  referred 
to,  I  supposed,  as  did  Wilder,  that  they  were  the  oral  apertures 
of  the  spiracular  clefts,  and  jumped  to  the  conclusion  that  the 
contained  pseudobranchs,  so  evidently  homologous  with  the 
pseadobranchs  of  Teleosts,  must  be  also  homologous  with  the 
pseudobranchs  of  Selachians  and  Sturgeons,  as  maintained  by 
Miiller  and  Dohrn.  But  Maurer's  account  of  the  development 
of  the  pseudobranch  in  Esox  furnishes  the  connecting  link 
between  the  condition  in  the  adults  of  Lepidosteus  and  Amia, 
and  I  soon  detected  the  true  relationship  of  the  hyomandibular 
cleft  to  the  pseudobranchial  canal  in  the  latter  genus. 

In  front  of  the  foramen  for  the  facialis  there  opens  into  the 
pseudobranchial  canal  a  tube  lined  with  the  same  epithelium, 
which  extends  forward  and  upward  towards  the  interval  between 
the  hyomandibular  and  the  sphenotlc  cartilage.  Arrived  there,  it 
penetrates  the  otic  cartilage  in  front  of  the  hyomandibular  facet, 
and  ends  cffically  in  the  loose  tissue  in  the  temporal  groove. 
This  tube  is  evidently  equivalent  to  the  ventral  moiety  of  the 
hTomandibular  cleft  in  Lepidosteus  j^ltis  its  diverticulum ;  there 
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appears  to  be  no  representative  of  that  portion  of  the  canal  which 
tends  towards  the  oatside  of  the  cranial  cartilage  in  Lepidostens. 
What  has  been  said  above  with  regard  to  the  neuro-epithelium  in 
the  cleft  and  its  nervous  supply  in  Lepidosteus  applies  equally 
well  to  Amia  (fig.  12).  The  ramus  paUUinus  is  relatively  larger 
than  in  that  genus,  and  divides  into  two  branches,  as  noted  by 
van  Wijhe,  the  matter  of  which  remains  with  the  carotid  in  the 
interval  between  the  para-sphenoid  and  cranial  cartilage.  Abo 
the  glosso-pharyngeus  is  similarly  distributed,  its  pharyngeal 
branch  being  supplied  to  the  mucous  membrane  of  the  roof  of 
the  mouth  mesad  of  the  pseudo-branchial  canal,  whOe  the  prse-tre- 
matic  branch  ends  in  the  psendobranch,  and  in  the  pad  of  con- 
nective tissue  surrounding  it  (fig.  11). 

It  only  remains  to  describe  the  arrangement  of  the  vessels  of 
the  head.  An  important  approximation  to  the  Teleosts  is 
exhibited  by  Amia  in  that  there  is  no  trace  of  an  eflferent 
branch  from  the  ventral  arterial  trunk  to  the  hyoidean  arch. 
Even  the  art.  hyoidea,  so  well  developed  generally  in  Teleosts 
and  in  Lepidosteus,  i^  very  small,  and  does  little  more  than 
mpply  blood  to  the  extremely  large  thyroid  and  certain  other 
structures  on  the  ventral  aspect  The  blood  for  the  nutrition  of 
the  operculum  and  the  opercular  and  mandibular  muscles  is 
derived  from  the  dorsal  ends  of  the  eflferent  branchial  arteries 
and  from  the  carotids. 

The  dorsal  aorta  in  Amia  is  chiefly  formed  by  the  union  of 
the  first  and  second  efferent  branchial  arteries  on  each  side,  the 
third  pair  unite  to  form  a  coeliaco-mesenteric  axis,  while  the 
fourth  pair  (the  fifth  aortic  arches  of  the  embryo)  are  distributed 
entirely  to  the  air-bladder.  Amia  appears  to  furnish  in  this 
respect  valuable  evidence  as  to  the  complete  homology  of  the 
air-bladder  and  lung,  which  has  recently  been  questioned  by 
Albrecht.  Although  its  glottis  is  dorsal,  the  Uood-supply  is 
exactly  the  same  as  in  Polypterus,  where  the  glottis  is  ventral. 
In  the  face  of  what  we  know  of  the  anatomy  and  conditions  of 
life  in  the  osseous  Ganoids,  the  Dipnoi,  and  perenni-branchiaie 
Amphibians,  it  can  hardly  be  doubted  that  the  air-bladder  is 
completely  homologous  with  the  lung,  and  the  only  question 
that  arises  is  as  to  the  cause  of  the  change  in  position  of  the 
glottis.    Sagemehl  appears  to  have  contributed  to  the  solution  of 
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this  problem  by  suggesting  that  the  hydrostatic  function  of  the 
air-bladder,  and  the  dorsal  position  of  its  duct,  are  acquired,  and 
not  primitive.     - 

Considerable  difference  is  also  to  be  observed  in  Amia  when 
compared  with  Leipdosteus  as  to  the  disposition  of  the  carotid 
vessels.  From  the  point  where  the  first  efferent  branchial  artery 
bends  round  to  join  that  of  the  other  side,  two  vessels^  are  given 
off,  one  of  which  is  slightly  dorsal  of  the  other.  The  former 
accompanies  the  facialis  in  its  outward  course,  sending  important 
opercular  and  hyomandibular  branches  with  it.  A  large  branch 
also  penetrates  the  brain  case  by  the  facial  foramen,  and,  after 
giving  off  branches  to  the  membranes  and  the  auditory  labyrinth, 
accompanies  the  Gasserian  ganglion  on  its  dorsal  aspect,  and 
escapes  through  the  trigeminal  foramen  into  the  orbit,  for  the 
supply  of  some  of  the  parts  in  which  and  of  the  nasal  region  it 
is  destined.  The  ventral  stem  {ca,  fig.  10)  courses  forwards  in 
the  roof  of  the  mouth  (6g.  11),  but  soon  bifurcates  into  a  lateral 
or  external  branch,  which  gets  into  the  cranial  cavity  through 
the  carotid  foramen,  and  a  medial  or  internal  branch,  which 
continues  forwards  between  the  para- sphenoid  and  the  cranial 
cartilage.  The  former,  during  a  short  course  within  the  cranium, 
lies  on  the  ventral  aspect  of  the  Gasserian  ganglion,  but  soon 
escapes  with  the  trigeminus,  the  branches  of  which  it  accom- 
panies (ma,  fig.  10).  Immediately  on  its  escape  it  gives  off  the 
afferent  artery  for  the  hyoidean  pseudobranch,  which  courses 
backwards  on  the  dorsal  aspect  of  the  pseudobranch  {alvp,  Gg.  12). 

The  efferent  artery  of  the  pseudobranch  is  found  on  the  medio- 
ventral  aspect  of  that  organ  (^A,  fig.  12),  it  moves  towards  the 
internal  carotid,  but  never  unites  with  it,  reaching  the  orbit  by 
the  canal  for  the  ocular  muscles,  and  penetrating  the  sclerotic  to 
give  rise  to  the  dorsal  part  of  the  choroid  gland;  No  drcfoXus 
eephalicus  is  formed  by  the  internal  carotids,  each  of  which  con- 
tinues forwards  between  the  para-sphenoid  and  cranial  cartilage 
till  the  hypophysial  fenestra  is  reached,  through  which  it  passes 
into  the  cranial  cavity,  and,  after  giving  branches  to  the  mem- 
branes, eventually  runs  out  along  with  the  optic  nerve  to  ter- 
minate in  the  ventral  part  of  the  choroid  gland. 

Sagemehl  asserts  the  absence  of  a  choroid  gland  in  Amia 
(No.  3,  p.  116),  whereas  the  presence  of  a  large  one  was  already 
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known  to  Franque  (No.  25,  p.  9),  and  may  easily  be  confirmed. 
The  coexistence  of  this  organ  with  a  distinct  and  persistent  hyo- 
mandibular  cleft  situated  at  a  considerable  distance  behind  the 
eye,  appears  to  be  quite  unreconcileable  with  Hoffmann's  account 
of  the  development  of  the  choroid  gland  in  Salmo,  according  to 
which  that  rete  mirabile  is  the  mandibular  pseudobranch,  and 
the  matrix  in  which  its  capillaries  are  imbedded  the  modified 
epithelium  of  the  epiracular  cleft  (So.  26,  p.  77).  Hoffmann's 
view  has  already  been  criticised  by  Dohrn  (No.  7,  p.  147). 

In  respect  of  the  vascular  supply  of  the  choroid  gland,  Amia 
is  very  different  from  the  Teleosts,  but  it  "appears  to  me  desir- 
able to  withhold  comment  on  this  and  other  points  connected 
with  the  vascular  system  of  the  genera  investigated  till  further 
data  are  furnished  by  the  study  of  younger  stages. 

In  the  following  paragraphs  are  incorporated  some  of  the  more 
important  results  and  suggestions  to  be  found  in  the  preceding 
pages : — 

1.  The  hyoidean  demibranch  of  Lepidosteus  is  divided  into 
two  parts,  the  lower  functional,  the  upper  (or  pseudobranch) 
non-respiratory.  The  prae-trematic  branch  of  the  glosso-pharyn- 
geus  is  distributed  only  to  the  latter. 

2.  In  front  of  the  pseudobranch  is  the  persistent  hyomandi- 
bular  cleft,  which  has  no  external  aperture  (spiracle),  but 
possesses  a  diverticulum  recalling  the  auditory  diverticulum  of 
the  same  cleft  in  Mustelus.  Unlike  that,  however,  it  is  sur- 
rounded by  the  cranial  cartilage  as  in  Polyodon. 

3.  The  cleft  and  diverticulum  contain  a  long  free  neuromast 
(nervenhugel)  supplied  by  a  distinct  branch  of  the  r.  oticus  viL 
It  is  possible  that  this  sense-organ  (represented  also  in  Mustelus) 
is  developed  from  the  fusion  of  the  r.  verUralis,  vii.  with  the 
epithelium  of  the  hyomandibular  pouch,  in  the  same  way  that 
the  neuromasts  in  the  skin  result  from  the  fusion  of  the  dorsal 
branches  with  the  epiblast 

4  The  condition  in  Amia  is  similar  as  far  as  the  cleft,  its 
diverticulum,  and  their  nervous  supply  is  concerned ;  but  the 
cleft  does  not  open  directly  into  the  mouth  cavity  only  in- 
directly through  a  canal  which  lodges  the  hyoidean  pseudo* 
branch. 

5.  The  occurrence  of  the  diverticula  referred  to  in  the  forms, 
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suggestB  an  explanation  for  the  canalis  tvho'tympanicus  of  the 
embryos  of  higher  forms. 

6.  The  resemblance  of  the  pseudobranch  of  Esox  to  that  of 
Amia  indicates  that  the  pseudobranch  of  the  Teleosts  belongs  to 
the  hyoid  and  not  to  the  mandibular  arch. 

7.  The  choroid  gland  of  Amicjjflias  nothing  to  do  with  the  hyo- 
mandibular  cleft. 
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EXPLANATION  OF  PLATE  XXHT. 
Lettering  Employed, 


Add,  Addactor  mandibake. 
Addy  hmd,  Addactor    hjomandi- 
balari& 
o^.  Anterior    diverticalam    of 

hyomandibalar  cleft 
cuie.  Aperture  of  endo-lymphatic 

dactb 
akjf.  Afferent  artery  of  hyoidean 

gilL 
<ihp.  Afferent  artery  of  byoidean 
peeadobrancb. 
aL  Anditory  labyrintb. 
amp.  Afferent  artery  of  mandibu- 
lar peeudobrancb. 
(io\  cu^.  First  and  second  aortic 
arcbes. 
aud.  Auditory    diverticnlum    of 
byomandibular  cleft 
b.  Arterial    branches  for  the 
brain. 
hhy.  Basi-hyal 
bpg.  fiasi-pterygoid  process. 
Cmd.  Coraco-mandibularismiiscle. 
Chy.  Coraco-byoid. 
CO.  Carotid  artery, 
c,  a.  Gommissora  anterior. 

€C.  Circulus  cephalicns. 
ehy.  Cerato-byaL 
CO.  Commissoie  between  aortic 

arcbes. 
da.  Dorsal  aorta. 
de,  Endo-lympbatic  duct 
Eb.  Efferent  branchial  arteries. 

ec.  External  carotid. 
ehg.  Efferent  artery  of  hyoidean 

giU. 
ehp.  Efferent  artery  of  hyoidean 

pseadobranch. 
ehy.  Epihyal. 

emp.  Efferent  artery  of  mandibu- 
lar pseudobranch. 
esc.  External  semicirclar  canaL 


Ep.  Epenoepbalon     (region    of 
cerebellum). 
O.  Gilla 
OI.  Ganglion        interpeduncu* 

laie. 
hps.  Hyoidean  peeudobrancb. 
Hmd.  Hyomandibular. 
Hy^a.  Hyoidean  artery. 
Hyp.  Hypophysis. 

ie.  Internal  carotid. 
chy.  InterhyaL 

If.  Infundibulum. 
Ims.  Levator  maxillae  superioris. 
Li.  Lobus  inferior. 
U.  Lamina  terminalis. 
m.<L  Mandibular  artery. 
md.  Mandible. 

mpa.  Mandibular  paeudobranch. 
Mes.  Mesencephalon. 
met.  Metancephalon. 
nc.  Neuromastic  canaL 
nm.  Nictitating  muscle. 
op.  Artery  accompanying  optic 

nerve. 
orb.    Artery  for  orbit 
Op.  Gill  cover. 
op.a.  Opercular  artery. 
psc.  Posterior  semicircular  canaL 
Pr.  Prosencephalon. 
*q.  Quadrate. 
lA.  Bhinencephalon. 
R.ot  Ramus  oticus,  viL 
8.  Sacculus. 
8C.  Semicircular  canaL 
ep.  Hyomandibular  clefK 
8p\  Diverticulum  of  cleft 
8c.  Sclerotic. 
thcL  Thyroidean  artery. 
thm.  Thymus. 
thy.  Thyroid. 
Th.  Tbalamencephalon. 
vj.  Vena  jugukris. 


The  Soman  numerals  designate  the  cranial  nerves. 
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Fig.  1.  Diagram  of  dorsal  part  of  arterial  circulation  in  embryo 
Mostelos. 

Fig.  2.  Frontal  section  Mostelus  throngh  hyomandibular  cleft. 

Fig.  3.  Part  of  section  from  the  same  series  a  little  in  front  of 
above. 

Fig.  4.  Neuro-epithelium  of  diverticulum  from  a  section  still  farther 
forwards. 

Fig.  5.  Part  of  horizontal  section  through  head  of  young  Lepidoff- 
teus  at  the  level  of  the  base  of  the  skull 

Fig.  6.  Similar  section  from  higher  plane — that  of  the  jugular 
vein.^ 

Fig.  7.  Frontal  section  of  Lepldosteus  of  same  age  through  hyo- 
mandibular cleft. 

Fig.  8.  Section  from  same  series  further  back. 

Fig.  9.  Part  of  the  above  enlarged. 

Fig.  10.  Diagram  of  the  dorsal  part  of  the  arterial  circulation  in 
Amia. 

Fig.  11.  Frontal  section  of  head  of  young  Amia  through^  opening 
of  pseudobranchial  canal 

Fig.  12.  Section  from  same  series  further  forwards. 

'  Limit  between  Prosencephalon  and  Thalamencephalou. 


THE  ANATOMY  OF  SPINA  BIFIDA.  Br  Professor  Humphky. 
{Delivered  as  a  Muteum-Lecture  in  the  University  of  Ccunbridffe^ 
and  taken^  with  a  fftw  Alterations  and  Additions^  from  ilie 
''Lancet,"  March  25,  1885.) 

Gentlbmbn,— Finding  considerable  difference  of  opinion  among 
surgeons  respecting  the  anatomy  of  spina  bifida,  and  especially,  at 
vbich  I  was  surprised,  respecting  the  usual  relations  of  the  spinal 
cord  and  the  spinal  nerves  to  the  sac,  I  have  recently  examined  the 
specimens  of  this  affection  in  most  of  the  pathological  collections  of 
London,  as  well  as  some  recent  specimens  which  have  been  kindly 
submitted  to  me  by  Dr  Goodhart  and  Mr  Stewart.  The  chief  points 
are,  however,  sufficiently  demonstrated  in  the  specimens  before  you, 
most  of  which  were  dissected  and  placed  in  the  museum  of  the  Uni- 
yersity  by  myself  a  good  many  years  ago. 

The  name  ''spina  bifida''  is  deriv^  from  one,  and  that  not  the 
most  important,  feature  of  the  affection — viz.,  the  separation  or  diverg- 
ence, and  in  some  instances  the  dwarfing,  of  the  vertebral  arches. 
This  is  associated  with,  and  probably  caused  by,  the  protrusion  from 
the  vertebral  canal  of  a  sac  containing  a  thin  colourless  fluid  situated 
in  the  middle  line,  and  of  variable  size.  The  affection  is  most 
common  in  the  sacral,  or  the  lumbo-sacral,  region.  The  sac  is  more 
or  less  covered  by  skin,  rarely  altogether,  but  commonly  to  some 
extent  of  its  circumference;  the  middle  part  being  usually  covered, 
rather  formed^  by  a  thin,  translucent,  bluish-red,  more  or  less  vascular, 
membrane;  though  in  some  instances  this  middle  part  has  the  appear- 
ance of  a  cicatrix.  The  thin,  translucent,  or  cicatricial  middle  part,  some- 
times called  the  "Umbilicus,"  is  continuous  with  the  surrounding  skin, 
the  line  of  demarcation  between  the  two  being  pretty  clearly  defined. 
The  sac  is  commonly  circular  in  outline,  and  its  upper  and  lower  borders 
afford  some  criterion  of  the  extent  in  the  spinal  column  to  which  the 
vertebral  arches  are  deflected  and  the  vertebral  canal  is  opened.  Still, 
the  sac  not  unf requently  overlaps  the  unaffected  arches  above  and  below, 
and  it  usually  overlies  and  extends  beyond  the  everted  arches  at  the 
sides.  Dissection  in  most  instances  shows  the  spinal  cord  turning  beneath 
the  lowest  entire  vertebral  arch — ^that  is,  the  arch  immediately  above 
the  spina  bifida — and  passing  into  some  part  of  the  wall  of  the  sac 
In  some  cases  the  cord  runs,  free,  through  the  upper  part  of  the  sac 
to  its  middle,  where  the  wall  is  composed  of  the  thin  membrane 
just  mentioned.  In  other  instances,  immediately  upon  reaching  the 
sac,  the  cord  is  blended  with  the  wall  of  the  sac,  and  requires  a  little 
dissection  for  its  demonstration.  The  nerves,  traced  from  the  sacral, 
or  the  lumbar,  intervertebral  foramina,  do  not  form  a  cauda  equina  in 
the  usual  manner,  but  are  directed  transversely,  or  nearly  so,  towards 
the  same  membranous  part  of  the  sac  as  the  spinal  cord;  and,  like  the 
spinal  cord,  they  are,  in  some  instances,  seen,  in  their  course  to  this 
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part,  lying  free  in  the  sac,  whereas  in  others  they  lie,  in  their  whole 
length,  in  the  wall  of  the  sac.  In  a  third  set  of  cases  they  present 
intermediate  conditions,  heing  partially  free  in  the  sac  and  partially 
embedded  in  its  wall;  or  they  are  more  or  less  united  together  by 
membranous  bands  which  may  be  regarded  as  derivatives  from  the 
inner  layer  of  the  wall  of  the  sac;  and  it  is  probable  that  the  com- 
partments, and  even  the  cysts,  occasionally  found  in  connection  with 
spina  bifida  sacs,  may  be  thus  produced.  Thus,  both  cord  and  nerves 
pass  to  the  sac,  being  stretched  or  lengthened  in  proportion  to  the  size 
of  the  sac;  and  they  are  more  or  less  blended  with  the  thin  membran- 
ous hinder  part  of  it  In  this  specimen — at  the  lumbar  and  upper 
sacral  region — ^the  cord  is  seen  entering  the  sac,  traversing  the  upper 
part  of  its  wall,  blended  with  the  hinder  thin  part,  and  then  reappear- 
ing at  the  lower  part,  where  something  of  a  cauda  equina  is  formed 
by  the  junction  of  the  nerves  of  the  two  sides  with  the  cord,  and  the 
median  filament  extends  onwards  towards  the  coccyx.  The  cord  there- 
fore in  this  case  may  be  traced,  and  the  anterior  spinal  artery  is  visible 
upon  its  surface,  along  the  whole  of  the  interior  of  the  back  of  the  sac, 
and  from  the  sac  into  the  sacrum ;  and  the  several  lumbar  nerves,  from 
the  two  sides,  pass  on  the  wall  of  the  sac  to  the  cord.  There  was 
hydrocephalus  in  this  case;  and  the  central  spinal  canal,  which  com- 
municated above  with  the  distended  cerebral  ventricles,  is  dilated 
down  to  the  spina  bifida. 

The  nerve-roots  and  their  ganglia  in  cases  of  spina  bifida  are  not 
infrequently  situated  within  the  vertebral  canal ;  and  in  some  of  the 
specimens  before  you,  two  or  three  adjacent  ganglia  are  seen  to  be 
approximated  and  even  joined  together,  and  contained  in  one  sheath 
of  dura  mater.  This  approximation  and  fusion  are  probably  a  result 
of  the  traction  exerted  upon  the  nerves  in  their  passage  upon  the  wall 
of  the  saa^ 

The  cavity  of  the  spina  bifida,  which,  as  we  have  seen,  is,  in  some 
cases,  traversed  by  nerves  and  partitioned  by  membranous  septa,  looks, 
in  many  specimens,  as  if  it  were  continuous  with  the  arachnoid  sac, 
and  as  if  it  were  lined  by  the  arachnoid  membrane.  In  some  this  is 
actually  the  case.  It  is  so  in  the  dorsi-lumbar  specimen  I  have  just 
shown  you.  The  sac  of  the  spina  bifida  is  here  formed  by  a  dilatation 
of  the  anterior  part  of  the  spinal  arachnoid  cavity,  the  posterior  part 
of  that  cavity,  the  part  behind  the  nerve  roots,  being  obliterated,  or 
not  having  been  formed.  But  a  careful  and  close  examination  shows, 
in  some  at  least,  perhaps  in  most  of  those  in  the  sacral  or  sacro-lumbar 
region,  that  this  is  not  the  case.  The  parietal  and  visceral  surfaces  of 
the  arachnoid  in  the  spinal  canal,  near  to  the  sac  or  at  its  orifice,  may 
be  seen  to  be  adherent;  or  the  epithelial  lining  is  refiected  from  the 
one  to  the  other,  so  that  the  arachnoid  membrane  is  not  traceable  into 
the  spina  bifida,  and  the  spinal  arachnoid  cavity  is  shut  off  from  the 
cavity  of  the  spina  bifida.  The  sac  of  the  spina  bifida  accordingly 
appears  to  be  formed  in  the  subarachnoid  space,  and  the  lining  of  the 

^  This  fusion  of  the  ganglia  was  pointed  out  by  Dr  Fisher  Downing,  Professor 
of  Medicine  in  this  University  (Londm  and  Ed,  Phil.  Mag.,  vol.  x.  616,  1887). 
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sac,  as  well  as  the  coverings  of  the  cord  and  of  the  nerves,  and  the 
more  or  lesd  complete  memhranous  septa,  where  these  exist,  most  in 
that  case  he  formed  hy  the  subarachnoid,  or  pia  mater,  tissue.  It  is 
not  always  easy  to  determine,  even  on  dissection,  whether  the  sac  of 
the  spina  bifida  is  thus  separate  from  the  arachnoid  cavity;  but  where 
it  is  so  the  fluid  in  the  sac,  and,  in  like  manner,  any  fluid  injected 
into  the  sac  will  not  readily  p>ass  into  and  along  the  arachnoid  cayity 
of  the  spinal  canal  and  the  skull,  though  it  may  permeate  the  thin 
membrane  which  forms  the  wall  of  the  sac,  and  so  reach  the  arachnoid 
cavity  or  the  loo^e  subarachnoid  tissue  of  the  cord,  and  thus  extend 
along  the  cord  to  the  brain. 

The  specimen  of  lumbo-sacral  spina  bifida  which  I  have  here, 
entrusted  to  me  by  Dr  €k)odhart,  and  which  has  been  recently  dis- 
sected for  me  by  Dr  Anningson,  shows  well  many  points  of  the 
anatomy  of  this  malformation.  The  sac  is  of  about  the  size  of  an 
orange,  with  the  usual  cicatricial  tissue  at  the  middle  of  Its  wall  and 
with  skin  over  the  circumference.  The  skin  and  fat  were  easily  re- 
moved near  the  spine,  but  are  adherent  to  the  subjacent  layers  of  the 
sac  near  the  middle,  and  ultimately  blend  with  them  in  the  cicatricial 
tissue.  A  tough  structure,  apparently  the  lateral  halves  of  the  inter- 
spinous  ligament  cleft  like  the  spinous  processes,  was  found,  beneath 
the  skin  and  fat,  on  the  sides  of  the  sac  It  was  connected  laterally 
with  the  recurved  and  shortened  vertebral  arches  and  spinous  proceases. 
The  dura  mater  of  the  cord  expands  over  the  sac,  forming  a  thick 
covering  pierced  by  the  spinal  nerves  at  the  sides  and  blended  with 
the  other  structures  at  the  border  of  the  cicatricial  tissue.  Beneath 
the  dura  mater  is  a  double  layer — visceral  or  spinal,  and  peripheral  or 
subdural — of  the  posterior  arachnoid  (the  arachnoid,  that  is,  behind 
the  nerve  roots  and  the  ligamentum  denticulatum).  These  layen, 
though  in  close  contact,  were  easily  separated,  the  posterior  arachnoid 
cavity  being  thus  displayed.  Like  the  other  components  of  the  sac, 
they  are  adherent  and  blended  in  the  cicatricial  tissue,  and  they  aie 
also  closely  adherent  at  the  junction  of  the  spina  bifida  with  the  spinal 
canal — at  the  level,  that  is,  of  the  lowest  complete  vertebral  arch;  so 
that  the  posterior  arachnoid  cavity  of  the  sa^;  (in  the  wall  of  the  sac) 
is  quite  shut  off  from  the  posterior  arachnoid  cavity  of  the  rest  of  the 
spine.  The  visceral  and  peripheral  surfaces  of  the  anterior  arachnoid 
(the  arachnoid  that  is  in  front  of  the  spinal  nerves  and  the  ligamentam 
denticulatum)  were  non-adherent;  and  the  anterior  arachnoid  cavity 
was  quite  free  along  the  whole  length  of  the  vertebral  canal,  including 
the  spina  bifida.  The  cavity  of  the  sac  is  formed  altogether  in  the 
anterior  subarachnoid  space,  is  entirely  lined  by  subarachnoid  or  pia 
mater  tissue,  and  is  partially  divided  by  imperfect  septa  of  that  tissue, 
projected  into  it  by  the  spinal  cord  and  nerves.  A  thick  nerve-bundle, 
consisting  of  the  spinal  cord,  with  surrounding  lumbar  and  upper 
sacral  nerves,  and  forming,  as  it  were,  a  retroverted  cauda  equina,  tunu 
beneath  the  last  vertebral  arch,  leaving  the  bodies  of  the  vertebne,  the 
anterior  dura  mater,  and  the  anterior  arachnoid.  Thus,  invested  with 
pia  mater  or  subarachnoid  tissue  only,  it  runs  for  a  short  space  free  in 
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the  sac  to  the  cicatricial  tissue  of  the  hinder  wall  of  the  sac;  here  the 
component  cord  and  nerves,  with  their  investing  pia  mater,  are  lost 
in  the  cicatricial  tissue.  The  spinal  nerves  pass  from  the  interverte- 
hral  foramina  in  regular  order  and  pierce  the  dura  mater  separately  all 
the  way  down  from  the  head  to  the  coccyx.  The  lower  lumbar  nerves 
having  entered  the  dura  mater,  are,  as  we  have  seen,  directed  down- 
wards, accompanying  the  cord  to  the  back  of  the  sac.  The  upper  two 
sacral  nerves,  piercing  the  wall  of  the  sac,  take  a  more  transverse 
course  to  the  same  point;  and  their  ganglia,  like  those  of  the  lumbar 
nerves,  are  outside  the  cavity  of  the  arachnoid,  and  invested  with 
sheaths  of  the  dura  mater.  The  nerve  roots  of  the  lower  sacral  nerves 
also  pierce  the  dura  mater,  then  run  between  the  arachnoid  layers  in 
the  wall  of  the  sac — that  is,  in  the  posterior  arachnoid  cavity  of  the 
wall  of  the  sac, — and  so  reach  the  cicatricial  tissue;  and  the  ganglia 
of  their  posterior  roots  lie  in  this  posterior  arachnoid  cavity.  Thus 
the  wall  of  the  sac  is  formed  by  the  dura  mater,  the  arachnoid,  and 
the  outer  layers  of  the  pia  mater,  together  with  the  spinal  cord  and 
nerves;  and  the  cavity  of  the  sac  is  formed  in  the  anterior  subarach- 
noid tissue,  and  is  lined,  probably,  by  the  endothelium  of  that  tissue. 
Along  the  fore  part  of  the  vertebral  canal  the  three  coats,  with  the 
anterior  arachnoid  caVity,  are  undisturbed,  and  retain  their  normal 
relations  with  the  bodies  of  the  vertebrsB,  except  that,  as  just  said,  the 
cavity  is  formed  in  the  anterior  subarachnoid,  or  pia  mater,  tissue,  and 
a  layer  of  that  tissue  is  therefore  expanded  over  the  cavity;  whereas 
at  the  hinder  part  of  the  vertebral  canal,  the  three  coats  with  the 
posterior  arachnoid  cavity,  together  with  the  nerves  and  the  spinal 
cord,  are  stretched  out  to  form  the  bulging  wall  of  the  sac,  are  more 
or  less  adherent  to  one  another,  and  are  all,  as  well  as  the  cutaneous 
coverings,  lost  in  the  cicatricial  tissue  of  the  hindmost  part  of  the  sac. 
This  specimen  may  be  taken  as  illustrating  the  usual  anatomy  of  a 
spina  bifida,  an  accumulation  of  fluid  in  a  cavity  formed  in  the 
anterior  subarachnoid  or  pia  mater,  with  aU  the  structures  posterior 
to  it — ^namely,  subarachnoid  tissue,  spinal  cord  and  nerves,  posterior 
arachnoid  membrane  and  cavity,  dura  mater,  vertebral  arches,  sub- 
cutaneous and  cutaneous  tissues — stretched  over  it,  and  more  or  less 
imperfecUy  formed. 

It  is  evident  from  the  above  anatomical  considerations  that  the 
failure  of  development  upon  which  spina  bifida  depends  must  occur  at 
an  early  period  of  foetal  life,  in  most  instances  before  the  spinal  cord 
has  been  segmented  from  the  epiblastic,  or  epithelial,  layer  of  the 
embryo  from  which  it  is  developed.  It  accordingly  remains  adherent 
to  that  external  epiblastic  covering ;  the  imperfectly  developed  tissues 
of  the  cord  and  of  the  nerves  passing  to  it,  together  with  this  covering, 
form  the  membranous  wall  of  the  sac;  and  the  various  structures 
which  should  be  produced  between  the  cord  and  the  epiblast  are  to  a 
greater  or  less  extent  abortive.  The  failure  may  even  take  place,  it  is 
believed  by  some  usually  to  do  so,  before  the  central  spinal  canal  has 
been  closed ;  or  the  recently  closed  canal  may  give  way  and  be  re- 
opened by  fluid  accumulating  in  its  interior ;    and  in  such  case  the 
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median  posterior  exposed  surface  of  the  sac  must  oonespond  with  the 
epiblastic  tissue  which  should  have  formed  the  epithelial  lining  of  the 
central  canaL^  This  often  cannot  easily  be  determined^  for  the  central 
canal  becomes  occluded  where  the  cord  joins  the  membranous  wall  of 
the  sac,  in  the  lower  regions  of  the  vertebral  column  at  any  rate ;  and 
its  precise  relations  to  the  sac  cannot  therefore  be  made  out  It  was 
80  in  the  specimen  we  have  just  seen,  when  there  were  hydrooephalos 
and  dilatation  of  the  central  canal  down  to  the  spina  bifida.  The 
canal  in  this  ease  could  easily  be  traced  down  to  the  spina  bifida,  but 
no  further ;  and  it  was  impossible  to  say  positively  whethra  the 
structure  which  represented  it  was  continued  into  the  cord  lining  the  sac 
of  the  spina  bifida,  or  whether  it  was  continued  upon  the  eztoinal 
surface  of  the  sac,  though  the  appearances  are  in  favour  of  the  fonner 
supposition. 

Associated  with  the  failure  of  segmentation  and  development  of  the 
several  structures  between  the  cord  and  the  epiblast  is  the  accumula- 
tion of  fluid,  or  dropsy,  by  the  pressure  of  which  the  sac  is  fonned, 
the  vertebral  arches  are  recurved  or  stunted,  the  nerves  and  the  spinal 
cord  are  elongated,  and  the  tumour  is  produced.     It  is  possible  that 
the  dropsical  condition,  due  perhaps  to  something  of  an  inflammaloiy 
process,  may  be  the  prime  agent,  and  that  by  its  pressure  it  has  pre- 
vented the  segmentation  of  the  tissues  from  the  epiblast,  as  well  as 
induced  the  other  changes  mentioned ;  or  the  dropsy  may  be  due  to  a 
want  of  resistance  consequent  on  the  non-segmentation  and  ancsted 
development  of  those  tissues — that  is  to  say,  it  may  be  cause  or  effeei 
The  balance  of  opinion  and  of  probability  is  perhaps  in  favour  of  the 
former  view.     Further,  when  several  vertebne  above  the  sacnun  in 
affected,  the  fore  part  of  the  spine,  composed  of  the  bodies  of  the 
vertebrae  and  the  intervertebral  substances,  being  unsupported  by  the 
vertebral  arches   and  articulating  processes,  which  are  abortive  or 
deflected,  may  bend  backwards  or  forwards.     In  this  specimen,  in  the 
loins,  it  is  bent  backwards ;  in  this  specimen,  in  the  neck,  it  is  bent 
forwards,  so  that  the  chin  rests  on  the  sternum ;  and  in  this  third 
example,  also  in  the  neck,  it  is  bent  backwards,  so  that  the  ocdpat 
lies  on  the  back.     These  several  defects  in  the  vertebral  column, 
including  the  open  state  of  the  vertebral  canal  with  the  separation, 
e version,  or  stunting  of  the  vertebral  arches,  are  aU  consequences  of 
the  arrested  development  and  the  imperfect  segmentation  and  im- 
perfect formation  of  the  various  structures  in  the  median  line,  and  of 
the  dropsical  accumulation  associated  with  them.     The  greater  fro- 
quency  of  this  failure  and  of  the  presence  of  spina  bifida  in  the  lower 
— the  sacral  and  lumbo-eacral — ^parts  of  the  spine,  is  probably  owing 
to  the  fact  that  the  closing  of  the  primitive  furrow,  which  is  a  little 
dilated  at  this  part,  and  other  developmental  phenomena  take  place 
here  rather  later  than  in  the  upper  regions ;  and  they  are  therefoe 
more  likely  to  be  interfered  with  or  to  be  imperfect  in  this  situatioo. 
A  trace  of  this  imperfection  in  the  otherwise  well-formed  body  is  often 

1  See  Contribution  to  the  Stady  of  Spina  Bifida  by  Professor  Cleland,  Jvunti 
of  Anatomy  and  Physiology,  vol.  xvii.  p.  267. 
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to  be  seen  in  the  smallness  or  incompleteness  of  the  arch  of  the  upper 
sacral  vertebra,  and  also  in  the  dimple  in  the  skin  over  the  coccyx. 

I  have  thus  described  to  you  the  anatomy  of  spina  bifida^  as  it 
nsnally  occurs  in  the  sacral  or  the  lumbo-sacral  region ;  and  you  will 
have  noted  that  the  accumulation  of  fluid  is  usually  in  the  subarach- 
noid space  in  front  of  the  spinal  cord,  that  the  cord  and  the  nerves  are 
stretched  backwards  and  outwards  upon  the  sac,  and  are  there  confluent, 
together  with  the  arachnoid,  pia  mater,  and  dura  mater,  or  their  repre- 
sentatives, in  the  thin  membrane  which  forms  the  hindmost  part  of  the 
wall  of  the  sac.  Moreover,  it  is  to  be  remarked  that  the  cord,  being 
unsegmented  from  this  thin  membrane,  and  therefore  fixed  at  this  spot, 
and  so  fixed  from  a  very  early  period  of  foetal  life,  does  not  undeigo 
that  shifting  in  relation  to  the  vertebral  canal  which  ordinarily  takes 
place  during  the  later  periods  of  foetal  life,  and  which  is  due  to  a 
greater  proportionate  growth  of  the  vertebrae  as  compared  with  that  of 
the  cord.  Hence  the  spinal  cord,  instead  of  terminating,  as  it  does  in 
the  normal  state,  in  the  upper  lumbar  region,  extends  through  the 
lambar  region  into  the  wall  of  the  sac,  and  may,  in  some  instances,  be 
traced  beyond  it  to  the  lower  part  of  the  sacrum ;  and^  as  a  sequence, 
the  sacral  and  lumbar  nerves  pass  transversely  towards  the  cord  in  the 
sacy  instead  of  ascending  obliquely  and  forming  a  cauda  equina;  indeed, 
not  unfreqnently,  as  in  a  specimen  I  have  shown  you,  the  nerves 
traversing  the  spinal  foramina  just  above  the  spina  bifida  take  the 
reverse  of  their  usual  course  and  pass  downwards,  rather  arc  dragged 
downwards,  to  the  sac  to  join  the  cord.  This,  I  sa;^,  is  the  usual  dis- 
position as  demonstrated  by  much  the  larger  number  of  specimens.  In 
some  cases,  however,  when  the  failure  has  occurred  at  a  later  period  of 
fcetal  life,  the  segmentation  and  the  formative  development  of  parts 
have  taken  place  to  a  greater  extent;  and  the  skin,  with  its  epithelium 
and  the  subcutaneous  tissue,  may  have  been  formed  in  a  natural 
manner  all  over  the  sac.  This  is  the  most  frequent  in  the  neck.  In 
some,  as  in  this  lambo-sacral  specimen  before  shown  you,  the  neural 
axis  is  more  separated  than  in  the  other  cases — ^that  is  to  say,  it  is  less 
completely  fused  with  the  wall  of  the  sac,  and  forms  a  distinct  cord 
or  band  attached  along  the  whole  of  the  inner  surface  of  the  hinder 
wall  of  the  saa  It  may  be,  too,  that  in  a  few  cases  the  segmentation 
and  formation  of  the  cord  have  been  still  more  complete,  so  that  it 
has  become  fully  separated  from  the  cutaneous  and  other  tissues,  and 
retains  its  normal  place  along  the  bodies  of  the  vertebrse,  and  the 
dropsy,  with  the  sac  formed  by  it^  is  upon  the  hinder  aspect  of  the 
cord.  The  cord  would  then  not  pass  into  the  sac^  at  least  would  not 
pass  along,  and  would  not  be  attached  to,  the  hinder  bulging  wall  of 
the  sac.  This  would  rsonstitute  a  "  hydro-meningocele "  or  "hydro- 
raehis  extemsL" posterior,  in  contradistinction  to  a  "hydrorachis  externa" 
anterior  in  which  the  cord  and  nerves  enter  the  sac,  and  blend  with  its 
wall;  and  both  these  are  to  be  distinguished  from  a  "hydro-myelocele" 
or  '*  hydrorachis  interna,"  in  which  the  fluid  accumulates  in  the  central 
spinal  canal.  Possibly  this  is  so — that  the  fluid  is  behind  the  cord — 
in  a  specimen  in  the  museum  of  St  Bartholomew's  Hospital.     The 
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specimen  is  a  small  spina  bifida  at  the  lower  part  of  the  sacram^  and 
the  median  filament  of  the  cord  and  the  nerves  seem  to  be  at  the  foie 
part  of  the  sac;  but  furtber  dissection  is  necessary  to  make  the  anatomy 
clear.  In  the  College  of  Surgeons'  museum  is  a  specimen  from  an 
infant  who  died  three  days  after  the  application  of  a  ligature  to  a 
cervical  spina  bifida.  The  narrow  peduncle  of  the  sac  passes  through 
between  the  sixth  and  seventh  cervical  spinous  processes,  which  are 
almost  fully  developed,  and  nearly  meet  in  the  middle  lin&  The 
cavity  of  the  sac  appears,  from  the  direction  of  a  bristle  placed  in  it, 
to  communicate  with  the  hinder  part  of  the  arachnoid  cavity,  and  the 
cord  possibly  is  not  in  the  least  degree  implicated,  and  passes  free 
along  the  hinder  surface  of  the  bodies  of  the  vertebras.  But  further 
dissection  is  required  to  make  sure  of  this.  It  may  be,  as  in  an 
apparently  similar  case  represented  in  Forster's  MissbUdnngen^  that  the 
affection  consists  in  a  dilatation  of  the  central  spinal  canal,  and  that  a 
thin  dilated  sheet  of  the  hinder  part  of  the  cord  is  prolonged  into  the 
wall  of  the  stic — ^that  is  to  say,  it  may  be  an  example  of  '*  hydrorachis 
interna."  ^  This  can  only  be  determined,  if  in  such  a  specimen  it  can 
be  determined  at  all,  by  removing  the  dura  mater,  and  making  a  care- 
ful examination  of  the  parts.  Whether  the  sac  in  this  case  was 
covered  by  skin  or  not  cannot  be  seen.  In  cases  of  cervical  spina 
bifida,  occasionally  met  with,  in  which  the  sac  has  a  narrow  neck,  and 
is  covered  by  skin,  the  disposition  is  probably  similar  to  that  in  the 
specimen  just  referred  to.  Like  it,  such  cases  furnish  examples  of  the 
slightest  degree  of  the  malformation ;  and  the  examination  of  a  laiger 
number  of  specimens  of  the  kind  may  enable  us  to  judge  what  inference^ 
as  to  the  disposition  of  the  cord  and  its  relations  to  the  sac,  may  be 
drawn  from  the  presence  of  a  covering  of  skin  over  the  sac — whether, 
that  is  to  say,  the  segmentation  and  development  which  have  prodaoed 
skin  over  the  surface  are  associated  with  a  corresponding  segmentation 
and  development  of  the  cord  sufficient  to  set  it,  with  its  pia  mater  and 
arachnoid,  free  from  the  sac,  or  so  far  free  as  to  allow  it  to  maintain 
its  proper  place  in  contact  with  the  bodies  of  the  vertebrae. 

The  fluid,  as  I  have  already  said,  appears  commonly  to  be  in  the 
subarachnoid  spcuse  in  front  of  the  cord ;  and  the  sac  must  in  such 
cases,  I  conclude,  be  lined  by  an  endothelium  developed  from  that  of 
the  subarachnoid  lymph  spaces.  In  some  instances  the  fluid  is  in  the 
arachnoid  cavity  in  front  of  the  cord,  and  then  the  sac  is  lined  by  the 
endothelium  of  the  arachnoid.  In  hydrorachis  interna,  where  the  sae 
is  formed  by  a  dilatation  of  the  central  spinal  canal,  the  epithelial 
lining  of  the  sac  will  be  continuous  with  that  of  the  central  canaL 
The  fluid  may   be,  though  this  rarely  is  so,   in   the  subarachnoid 

>  That  is  the  case  in  a  well-preserved  and  well-dissected  specimen  in  the  Hus^e 
Dupuytren  in  Paris.  There  is  nydrocephalas  and  a  spina  binda  sac  at  the  seyenth 
dorsal  vertebra.  The  spinal  com  is  normal  above  and  below  this  point.  At  this 
point  it  is  bent  a  little  backwards  towards  the  sac,  and  the  hinder  part  of  it  is 
connected  with,  apparently  expanded  over,  the  sac  Some  of  the  nerve  fibres, 
those  apparently  from  the  posterior  roots,  have  been  exposed  by  dissection  in  the 
wall  of  the  sac  ;  and  it  is  stated  that  the  cavity  of  the  sac  is  continnons  with  the 
canal  of  the  cord. 
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space,  or  in  the  arachuoid  cavity  behind  the  cord.  In  these  IsLtt 
cases  the  cord  would  occupy  its  normal  position  upon  the  hodi(s 
of  the  vertehrsB,  and  the  nerves  would  also  have  their  normal  posi- 
tion; whereas  in  the  cases  in  which  the  fluid,  whether  arachnoidal 
or  subarachnoidal,  is  in  front,  the  cord  and  nerves  are  separated- 
from  the  bodies  of  the  vertebrae,  and  are  applied  upon  and  cohe- 
rent  to,  or  blended  with,  the  wall  of  the  sac.  The  dura  mater  is 
in  all  instances  expanded  upon  the  sac,  and  traceable  to  the  same, 
extent  as  the  skin,  becoming  like  it,  and  at  about  the  same  place,  lo^t 
in  the  homogeneous  membrane  of  the  hinder  part  of  the  sac  Though 
I  admit  that  the  fluid  may  be  behind  the  coid,  the  cord  retaining  its 
normal  position,  I  must  say  that  I  have  not  been  able  to  satisfy  myself 
that  this  was  the  condition  in  any  one  of  the  many  specimens  I  have 
examined.  In  every  one,  unless  the  one  presently  to  be  mentioned 
be  an  exception,  in  which  the  anatomy  was  clear,  the  cord,  or  some 
part  of  it,  and  usually  the  nerves,  passed  into  the  sac,  and  was  united 
with  the  wall  of  the  sac 

In  those  cases  where  the  vertebral  arches  are  more  extensively 
deficient,  and  which  are  often  associated  with  deficiency  of  the  vault 
of  the  skull  and  with  more  or  less  deficiency  of  the  brair,  the  verte- 
bral canal  is  usually  covered  only  by  a  thin  membrane,  and  the  spinal 
cord,  with  the  several  superadjacent  tissues,  is  absent  or  represented 
by  that  membrane  into  which  the  spinal  nerves  pass  and  are  lost* 
In  the  specimen,  however,  which  I  now  show  you  this  is  not  the  case. 
The  fcetus  is  acranial  and  with  spina  bifida  along  the  whole  spine;  the 
neck  is  bent  sharply  forward,  so  that  the  back  of  the  head  is  in  cor- 
tact  with  the  dorsal  part  of  the  spine.  The  cerebral  mass  is  quite 
rudimentary;  and  the  axial  cord,  of  considerable  thickness,  passes 
directly  backwards  from  the  floor  of  the  skull,  bridging  over  the  con- 
cavity of  the  neck,  upon  the  dorsal  vertebrae,  and  ia  continued  upon 
the  bodies  of  the  vertebrae  along  the  whole  length  of  the  lower  dorsal, 
the  lumbar,  and  the  sacral  portions  of  the  spine.  The  nerves  join  it 
in  regular  sequence;  but  in  the  neck  they  are  crowded  together,  and 
the  lower  cervical  ganglia  on  each  side  are  blended  into  one  mass 
invested  by  a  common  capsule  of  dura  mater.  In  the  upper  part  of 
the  cord  the  central  spinal  canal  is  wide  and  open,  forming  a  continua- 
tion of  the  fourth,  ventricle.  It  gradually  diminishes  to  the  lower 
dorsal  region,  where  it  is  closed  in  as  usual;  and  below  this  the  cord 
tapers  into  the  median  filament,  which  is  continued  to  the  coccyx« 
The  specimen  when  it  came  into  my  hands,  many  years  ago,  was  in  its 
present  condition;  and  to  what  extent  the  spinal  central  canal  was 
dilated  in  the  upper  part,  how  it  was  covered  in,  what  kind  of  covering 
existed  over  the  spina  bifida,  and  what  was  the  cause  of  the  e version 
of  the  vertebral  arches  could  not  be  ascertained.  All  that  we  can  see 
is  that  the  vertebral  arches,  without  evident  diminution  of  size,  are 
thrown  outwards  and  forwards,  the  vertebral  canal  is  wide  open  in  its 
whole  length,  and  the  spinal  column  is  bent  sharply  forwards  in  the 
cervical  region,  and  backwards  in  the  dorsal  region.  The  cord  and  the 
nerves  lie  on  the  bodies  of  the  vertebrae  in  the  sacral,  lumbar,  and 
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donal  regiona,  aud  pan,  straight  over  the  ooncavity  of  the  oenrieal 
curve,  from  the  dorsal  region  to  the  akull;  and  in  this  part  where  it 
bridges  oyer  the  curve  the  central  spinal  canal  is  dilated.  It  is  a 
remarkable  case,  and  it  appears  to  constitute  an  exception  to  the  rule 
of  the  cord  being  doeelj  connected  with  the  hinder  wall  of  a  spina 
bifida,  and  to  the  ordinary  manner  of  formation  of  spina  bifida. 

I  say  nothing  about  other  exceptional  Tarieties  of  spina  bifida,  rach, 
for  instance,  as  where  there  is  cleavage  of  the  bodies  of  the  yertebrc, 
or  bony  or  cartilaginous  growths  from  them  into  the  vertebral  canal,  and 
other  malformations.  I  have  directed  your  attention  chiefly  to  the 
more  ordinary  forms  of  spina  bifida,  the  anatomy  of  which  has 
acquired  increased  importance  from  the  reintrodnction  of  the  treatment 
of  the  abnormality  by  injection.  With  reference  to  this  treatment, 
you  will  uuderstand  that  it  is  better  to  introduce  the  needle,  not  in  the 
mesial  line,  especially  in  the  upper  part,  where  the  cord  is  almost 
certain  to  be  connected  with  the  wall  of  the  sac,  but  on  one  side. 
Further,  you  will  perceive  that  the  separateness  of  the  cavity  of  the 
sac  from  the  cavity  of  the  spinal  arachnoid,  in  most  instances,  is  some 
security  against  the  direct  passage  of  the  injected  fluid  into  tiie  latter 
cavity,  and  that  the  advantage  of  Morton's  fluid,  as  an  injection,  prob- 
ably depends  upon  the  addition  of  glycerine  to  the  iodine  and  iodide 
of  potassium  lessening  the  liability  to  the  diffusion  of  those  irritating 
substances  through  the  delicate  lining  of  the  sac  into  the  surrounding 
subarachnoid  tlssua 


NOTES  OF  SOME  VARIATIONS  OF  THE  SHOULDEE- 
MUSCLES.  By  W.  B.  R&nsom,  B.A.,  Trinity  CoUege, 
Cambridge. 

In  the  left  aim  of  a  strong  male  subject  examined  this  session  in  the 
dissecting  room  of  Cambridge  University,  an  unusual  number  of 
muscular  abnormalities  was  observed,  some  of  which  seemed  worthy 
of  record.  The  most  remarkable  peculiarity  was  a  slender  cylindrical 
cervico-huviwralis  muscle  stretching  across  the  shoulder  above  the  nerves 
of  the  brachial  plexu&  Arising  by  three  tendinous  slips  from  the  root 
of  the  transverse  process  of  the  seventh  cervical  vertebra  on  its  anterior 
surface,  this  muscle  passed  transversely  outwards  above  the  brachial 
plexus,  to  the  sheath  of  which  it  was  closely  connected  by  fasda,  to 
be  inserted  by  a  tendon  into  the  small  tuberosity  of  the  humerus  in 
conjunction  with  the  tendon  of  the  subscapularis.  This  anangement, 
so  far  as  I  am  aware,  has  not  hitherto  been  noticed,  the  nearest 
approach  to  it  being  the  eercico-cogto-humercdis^  described  by  Gmber^ 
as  a  complex  muscular  band  arising  from  the  oblique  process  of  the 
sixth  cervical  vertebra  and  from  the  end  of  the  first  rib,  and  passing 
between  the  latissimus  .dorsi  and  subscapularis  to  the  humerus.  Bat 
the  chief  interest  of  this  muscle,  which  may  be  called  cervico-kumeralis^ 

*  Mem.  de  VAoad.  Imp.  de  St  Pdersbaurg,  1860. 
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would  seem  to  be  its  relations  of  homology  to  the  muscles  of  the  lower 
limb.^  Corresponding  to  the  subscapularis  of  the  upper  extremity,  we 
find  in  the  lower  the  muscular  mass  forming  gluteus  medius  and 
minimus;  and  it  is  by  no  means  a  rare  variety  to  find  more  or  less 
fused  with  one  of  these  muscles  the  muscle  normally  distinguished  as 
pyriformis.  Professor  Macalister^  has  described  the  latter  as  fused  with 
gluteus  medius  inseparately,  except  at  the  point  of  exit  of  the  superior 
gluteal  yessels  and  nerve,  and  has  also  seen  its  insertion  inseparately 
tied  to  that  of  the  gluteus  miuimus. 

The  pyriformis  in  this  latter  case  is  related  to  the  gluteus  minimus 
almost  exactly  as  the  cervico-humeralis  to  the  subscapularis,  and  there 
thus  seems  fair  ground  for  considering  this  new  cervico-humeral  muscle 
as  homologous  with  the  pyriformis,  and  as  an  intrusion  into  the  upper 
limb  of  the  hypaxial  system  of  muscles. 

Some  further  peculiarities  occurred  in  connection  with  an  axillary 
arch  horn  the  latissimus  dorsi  and  with  the  pectoralis  major. 

The  clavicular  origin  of  the  pectoralis  major  extended  over  two-thirds 
of  the  bone,  and  was  quite  separate  from  the  sternal 

At  the  lower  edge  of  the  sternal  portion  were  two  partially  separate 
slips  arising  from  the  fifth  costal  cartilage  and  the  aponeurosis  of  the 
external  oblique.  Along  the  edge  of  the  lower  slip  ran  a  long  vein  to 
the  third  part  of  the  axillary  vein. 

The  lower  slip  of  the  pectoralis  major  passed  nearly  parallel  to  the 
rest  of  the  muscle,  to  be  inserted,  partly  into  the  fascia  of  the  axilla, 
partly  into  the  sheath  of  the  axillary  arch  of  the  latissimus  dorsi,  at  a 
point  about  an  inch  and  a  half  from  its  origin,  and  by  its  tension  pro- 
duced a  curvAture  of  the  arch,  the  most  convex  part  of  which  was  at 
this  point. 

The  upper  slip  was  inserted,  together  with  the  axillary  arch,  into  the 
deep  fascia  of  the  arm  over  the  coracobrachialia  This  common  in- 
sertion took  place  by  a  tendinous  band  which  stretched  for  nearly 
three  inches  down  the  fascia  on  the  inside  of  the  arm,  and  by  a  fan- 
shaped  aponeurosis  above,  which  was  continued  into  that  of  the 
pectoralis  minor,  into  the  semi-vagina  of  the  joint,  and  into  the  coraco- 
acromial  ligament. 

There  was  thus  present  in  this  region  an  unusually  large  combination 
of  variations  hitherto  noticed  separately. 


KAEL  BAEDELEBEN.  ''  Das  intermedium  tarsi  beim  Menschen 
und  Saugethieren,"  8itz.  der  Jenaiadien  Gesdhch,  /.  Medicin  it, 
Naturw.,  Ist  March^  27th  April,  8th  June,  1883.  '<Zur 
Entwicklung  der  Fusswurzel,"  idem^  6th  February  1885.  *'  Zur 
Morphologic  der  Hand,  und  Fuss-Skelets,"  idemy  15th  May 
1885. 

In  the  above  communications  to  the  Philosophical  Society  of  Jena, 
Professor  K.  Bardeleben  has  from  time  to  time  published  his  views 
on  the  homology  of  the  tarsal  and  carpal  bones,  and  on  the  presence 

^  A  Descriptive  Catalogue  of  Muscular  Anomalies  in  Human  Anatomy,  Trans, 
Roy,  Irish  Acad,^  1872. 
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of  a  6th,  or,  as  he  prefers  to  call  it,  a  0****  digit,  both  in  the  hand  and 
foot.  He  considers  the  accessory  or  secondary  astragalus,  occasionally 
met  with  in  the  human  tarsus,  specimens  of  which  were  described  by 
F.  J.  Shepherd  and  by  W.  Turner  in  voL  xvii.  of  this  JofwmoU^  as 
examples  of  a  distinct  os  intermedium  tarsi.  He  says  that  a  well- 
developed  separate  os  intermedium  tarsi  exists  normally  in  the 
majority  of  the  Marsupials,  in  which  it  varies  in  size.  It  is  con- 
nected to  the  tibia,  fibula,  and  astragalus  either  directly  or  through 
the  medium  of  a  simple  or  double  meniscus.  In  Monotremee  and 
some  Edentates  the  astragalus  is  incompletely  separated  into  two 
parts.  He  regards  this  os  intermedium  tarsi  as  homologous  with  the 
carpal  semilunar,  and  he  calls  it  the  os  trigonunif  the  astragalus  of  the 
higher  mammals  being  composed  of  this  os  tngonnm,  fused  with  the 
general  mass  of  the  astragalus.  The  os  trigonum  is,  in  the  second 
month  of  the  human  embryo,  an  independent  cartilage,  which,  later 
on,  blends  with  the  astragalus.  He  has  discovered  that  the  navicular 
(scaphoid)  element  of  the  tarsus  possesses,  in  addition  to  its  chief 
mass  of  cartilage  in  the  human  embryo  at  the  second  month,  a  second 
smaller  cartilage  in  the  region  of  the  tuberosity  of  the  scaphoid. 
Owing  to  this  discovery  he  no  longer  agrees  with  the  homologies  of 
the  carpus  and  tarsus,  which,  on  the  authority  of  Gegenbaur,  have  so 
long  been  accepted,  and  he  suggests  instead  the  following  schema : — 

Carpalia.  Tabsalia. 

I  scaphoid  proper. . .  radiale,  tibiale. . . .  cartilage  of  tuber-  \ 
ce„trUeofRo««.                                 ""*"    "' ['^^"'^ 
berg centrale  (2) chief  part  of ' 

Semilunar intermedium  (1]...08  trigonum )  astragalus 

Cuneiform  centrale(l) talus  8.8.  >    of  higher 

(or  intermedium  (2)) )    mammals. 

Pisiform ulnare,  fibulare.... calcaneus. 

He  has  once  seen  the  tarsal  scaphoid  with  an  inner  ossicle  in  a  youth, 
aged  15,  which  represented  the  separate  cartilage  of  the  tuberosity 
of  that  bone ;  and  in^  almost  a  third  of  adult  scaphoids  traces  of  a 
suture  were  apparent  around  this  tuberosity. 

Bardeleben  holds  that  the  rudiment  of  a  toe  lying  internal  or  on 
the  tibial  side  of  the  hallux  occurs  as  a  tarsal  or  metatarsal  0,  of  a 
prsBhallux  in  Monotremes,  American  Marsupials,  some  Edentates, 
Camivora,  Rodents,  Insectivora,  and  Apes.  The  rudiment  of  the 
prsehallux  articulates  only  with  the  endo-cuneiform  in  Marsupials, 
Camivora,  and  Insectivora ;  with  the  endo-cuneiform  or  navicular  in 
Edentates  and  Rodents  ;  with  both  bones  in  Paradoxurus ;  between 
endo-cuneiform  and  1st  metatarsal  in  Apes.  The  rudiment  of  a  6th 
or  0  finger,  a  carpal  or  metacarpal  0  of  the  prsepoUex,  is  only  indi- 
cated in  adult  Marsupials ;  on  the  other  hand,  it  is  possessed  by  some 
Edentates,  Lemurs,  Rodents,  Camivora,  Insectivores,  Bats,  and  Apes. 
It  is  found  in  Lemurs  and  Insectivora  on  the  trapezium ;  in  Rodents 
and  Camivora  between  the  scaphoid  and  1st  metacarpal;  and  in  Apes 
between  the  trapezium  and  scaphoid.  In  Centetes  madagascariensis 
there  are  two  distinct  centralia  in  the  carpus. 
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